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Act iva t ed  c a r bo n in  po wder ed  fo r m wa s  p r e par e d  f r o m ja ck fr u i t  pe e l ,  a  
do me st ic  wa s t e .  J ack fr u it  pe e l  ha v ing  l imit ed  eco no mic  va lue  ha s  bee n  
use d  a s  a  p r ec ur so r  mat e r ia l  t o  p r ep ar e  a c t iva t ed  ca r bo n.  Ac t iva t ed  
ca r bo n wa s  p r ep ar ed  b y t he  c he mic a l  ac t iva t io n o f t he  r aw mat e r ia l  
( Jac k fr u it  pe e l)  w h ic h  w as  in it ia l l y  p r o ce ss ed  a nd  s u bseq ue nt ly  
su b je c t ed  t o  ac t iva t io n u s ing  var y ing  a c t iva t ing  age nt s  s uc h as  
Po t ass iu m H ydr o x id e  ( KOH) ,  Z inc  C h lo r ide  ( Z nC l 2 )  a nd  P ho sp ho r ic  
Ac id  ( H 3 PO 4 ) .  Su r fa ce  c har ac t e r is t ic s  suc h  a s  po r o s it y,  io d ine  nu mber ,  
mo is t u r e  co nt ent ,  pH,  as h co nt e nt  and  spec i f ic  g r a v it y o f t he  p r epar ed  
ac t iva t ed  c a r bo n w er e  es t imat ed .  T he  su r fa ce  p r o per t i e s  f r o m d i f fe r e nt  
c har a c t e r iza t io n l ik e  FT I R,  SE M,  T G A a na lys is  ind ic a t ed  t ha t  t he  
ac t iva t ed  ca r bo n p r ep ar e d  ca n be  u t i l iz ed  a s  a  su it a b le  ad so r be nt .  
 
Ke y Wo r ds :  Ac t iva t io n,  Ja ck fr u it  P ee l ,  Car bo n iza t io n,  Po t ass iu m 
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Adso r p t io n  is  a  s u r fac e  p he no me no n by w hic h  io ns ,  a t o ms  o r  mo lec u le s  
o f a  su bs t a nc e  ge t  ad her e d  t o  t he  s u r fa ce  o f t he  mat e r ia l ,  w h ic h  is  
kno w n a s  a n  ad so r be nt  w h i le  t he  a t o ms ,  io ns  o r  mo le cu le s  w h ic h  ge t  
ad he r ed  t o  a r e  kno w n a s  ad so r ba t es  .  Abso r p t io n invo lve s  pe r me a t ing  
o r  d is so lv ing  o f t he  a bso r be nt .  Ad so r p t io n  is  a  su r fa ce  p he no me no n  
w hic h is  o f t wo  t ype s  : -   
Ph ys iso r p t io n,  w her e  t he  p r ima r y fo r ce s  invo lve d  a r e  V a nd er  Waa l’ s  
fo r c e s .  T he  e le c t r o n ic  s t r uc t u r e  o f t he  a t o m/ io n/ mo le cu le  do e s  no t  
c ha nge  o n p h ys iso r p t io n .  
C he miso r p t io n,  w h ic h is  c h ar ac t e r iz e d  by co va le nt  bo nd ing  le a ds  t o  
in t e r a c t io n  be t we e n t he  adso r ba t e  a n d  t he  su r fa ce  o f t he  a dso r be nt  
r esu l t ing  in  t he  fo r mat io n o f c he mic a l  bo nd s  .  
A  s u bs t ance  t ha t  c au se s  su bs t a nc es  f r o m ga se s ,  f lu id s ,  o r  so l id s  t o  
ad her e  t o  it s  su r fa c e  w it ho u t  c ha ng in g  t he  p hys ic a l  p r o per t ie s  o f t he  
adso r bed  s u b s t a nce  is  c a l le d  a n  adso r be nt .  Ac t iva t ed  c a r bo n,  s i l ic a  ge l,  
a nd  a c t iva t ed  a lu mina  a r e  so me co mmo nly us ed  ad so r be nt s   
Ac t iva t ed  c a r bo n is  a mo ngs t  t he  mo st  w ide ly u t i l iz ed  ad so r be nt s  t o da y.  
Wo r ld  de ma nd  fo r  a c t iva t ed  c a r bo n  is  ve r y h ig h  a nd  t he  a nnu a l  
p r o duc t io n is  e xpe c t ed  t o  r eac h 2 . 1  mi l l io n met r ic  t o nnes  in  t he  ne xt  
t wo  ye ar s .  Agr ic u lt u r a l  w as t e ,  fo r  e xa mp le ,  r ic e  hu sk ,  ca s sa va  wa s t e ,  
N ypa h p a lm,  pa lm s he l ls ,  wo o d ,  e t c ha ve  be e n a cco u nt ed  fo r  t o  be  
su it a b le  fo r  u se  a s  p r ecur so r s  in  t he  p r epar a t io n o f  a c t iva t ed  c a r bo n.  I n  
sp it e  o f  t he  fa c t  t ha t  p r ep ar a t io n o f  ac t iva t ed  ca r bo n f r o m t he se  
mat e r ia ls  has  bee n a c h ie ve d  su cce s s fu l ly ,  ye t  bec au se  o f it s  nu mer o us  
a nd  w id e sp r e ad  a pp l ic a t io ns  t he  int e r es t  fo r  a c t iva t ed   ca r bo n ha s  
inc r e as ed  e no r mo u s ly.  B e ing  a n e xt r eme ly e f f ic ie nt  a nd  co mmo nly u se d  
adso r be nt ,  t he r e  is  fu r t he r  sco pe  fo r  it s  p r epar a t io n  fr o m var io u s  o t her  
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new so ur ce s ,  t he r e by a lso  le ad ing  to  t he  p r o per  u t i l iz a t io n o f  
ag r icu lt u r a l  w a s t es  
O ne  o f t he  d r a w ba ck s  o f a c t iv a t ed  ca r bo n is  t ha t  t he  co mmer c i a l  
ma nu fa c t u r ing  p r o ce ss  is  no t  ve r y co s t  e f fe c t ive .  T h is  has  le d  t o  t he  
se a r c h fo r  a lt e r na t ive  r aw mat e r ia ls ,  spe c i f ic a l ly  ag r ic u lt u r a l  w a s t es  
suc h  a s  r ic e  hus k ,  g r o und nu t  s he l ls ,  co co nu t  s he l ls ,  ba le  f r u it  s he l ls ,  
ja ck fr u i t  pe e l ,  e t c  w h ic h a r e  no t  o n ly  c he ap ,  bu t  a r e  a lso  e nv ir o nme nt  
f r ie nd ly ,  fo r  us e  a s  p r e cur so r s  in  t he  p r epar a t io n o f a c t iva t ed   c a r bo n  
Ja ck fr u it  i s  a  g r o w n in  t he  t r o p ic s  a nd  ha s  a  w id e  var ie t y o f  
app l ic a t io ns  r a ng ing  f r o m it s  e xt e ns iv e  u se  in  t he  p r e par a t io n  o f fo o d s  
l ik e  ja ms ,  p ick le s ,  e t c  apar t  fr o m it s  c o nsu mpt io n o f it s  f le s h as  a  f r u it .  
I t  i s  a lso  u se d  e xt e ns ive ly in  t he  fo o d  p r o ces s ing  ind u s t r y.  Almo st  a l l  
pa r t s  o f t he  f r u it ,  ba r r ing  it s  o u t e r  pe e l,  a r e  u sed  fo r  va r io u s  pu r po se s .  
T he  p ee l ,  w h ic h  co ns t it u t es  a lmo st  40  %  b y we ig ht  o f  a n  a ver age  
ja ck fr u i t ,  de vo id  o f a ny us e  is  o ft e n  d i sc a r ded .  T h is  pe e l  co u ld  be  u s ed  
as  a  p r ecur so r  fo r  t he  p r epar a t io n o f ac t iva t ed  ca r bo n.  
ORGAN I ZA TIO N OF THE SIS  
  T he  c hap t e r  2  t ha t  fo l lo w ed  is  o f L i t e r a t u r e  R e v ie w.  I t  co ns is t s  o f  
t he  d e t a i le d  d es c r ip t io n o f a l l  t he  c o nce p t s  r e la t ed  t o  ac t iva t ed  
ca r bo n s uc h  as  ad so r p t io n,  a dso r be nt s  e t c .  I t  a lso  co ns is t s  o f  
c it a t io ns  f r o m var io u s  l it e r a t u r e  so ur ce s  o n t o p ic s  r e la t ed  t o  
ac t iva t ed  ca r bo n.  
  Mat er ia ls  a nd  Met ho ds  is  c hap t e r  3 .  I t  co ns is t s  o f t he  met ho d  
fo l lo we d  fo r  t he  p r ep ar a t io n o f p r ecur so r ,  t he  p r o ce ss  o f ac t iva t io n  
t ha t  fo l lo w ed  by u s ing  d i f fe r e nt  a c t iva t ing  age nt s .  T h is  wa s  
fo l lo we d  by t he  met ho d  fo r  ca r bo n iz a t io n a t  h ig h  t e mper a t u r e s .  I t  
co nc lude s  w it h t he  d i f fe r e nt  c har a c t e r iz a t io n t es t s  t ha t  wer e  
pe r fo r med  o n t he  ac t iva t ed  c a r bo n s a mp le s  suc h a s  SE M,  FT I R,  
I o d ine  N u mber ,  C ar bo n Y ie ld  e t c .  
  C ha p t e r  4  is  Re su lt s  a nd  D is cu ss io ns .  I t  co ns is t s  o f  t he  va lu e s  o f  
t he  t e mper a t u r e  r a nge s  as  d edu ce d  fr o m t he  T G A a na lys is ,  fo l l o w ed  
by t he  r e su l t s  o f va r io u s  o t her  c har ac t e r is t ic s  l ik e  t he  SE M  
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a na lys is ,  t he  FT I R a na lys is ,  t he  I o d ine  nu mbe r  a nd  c a r bo n y ie ld ,  
pH,  po r o s it y,  e t c .  a nd  t he  r e la t ed  d is cu ss io ns .  
  T he  c hap t e r  5  is  Co nc lu s io n.  V ar io u s  co nc lu s io ns  t ha t  co u ld  be  
co nf ir me d  f r o m t he  R es u lt s  a nd  D is cus s io ns  s ec t io n su c h a s  t he  
sa mp le s  w it h  t he  h ig hes t  I o d ine  Nu mber ,  h ig hes t  c a r bo n y ie ld  a nd  
t he  co nd it io ns  a t  wh ic h  t he s e  wer e  ac h ie ve d  wer e  d is cu ss ed .  
  C ha p t e r  6  co ns is t s  o f t he  Fu t u r e  Sco pe  o f Wo r k - t he  va r io us  w a ys  t o  
p r epar e  a  be t t e r  qua l it y  p r o duc t  by fu r t he r  o p t imiz ing  t he  
co nd it io ns ,  t he  p r o per t ie s  o f t he  p r e par ed  ca r bo n w hic h  co u ld  be  
co mp ar ed  t o  t he  a l r ea d y e x is t ing  sa mp le s ,  t he  u se  o f ac t iva t ed  
ca r bo n p r ep ar ed ,  w h ic h  co u ld  be  us ed  fo r  t r ea t me nt  o f va r io u s  
po l lu t a nt s  wer e  d is cu ss ed .  
  Fut u r e  Sco pe  o f Wo r k  is  fo l lo w ed  by  t he  R e fe r e nce s  p a r t ,  wher e in  
t he  d i f fe r e nt  l it e r a r y so ur c es  c it e d  in  t h is  t e xt  wer e  me nt io ne d .  
OB JEC TI VE  
Pho sp ho r ic  Ac id  ( H 3 P O 4 ) ,  Po t ass iu m H ydr o x id e  ( KOH) ,  Z inc  C h lo r id e  
( Z nC l2)  a r e  t o  be  used  in  t h is  s t ud y t o  eva lua t e  t he  e f fe c t  o f ac t iva t ing  
age nt  o n  t he  q ua l it y  a nd  c har ac t e r is t ic s  o f  a c t iva t ed  c a r bo n.  T he  e f fe c t  
o f ac t iva t ing  t e mper a t u r e s  a nd  qu a nt it y  o f ac t iva t ing  age nt  u sed  a r e  
a lso  t o  be  e va lu a t ed .  T he  s ig n if ic a nt  fea t u r e  o f p r epar a t io n o f a c t iva t ed  
ca r bo n fr o m J ac k fr u it  Pe e l  w h ic h  mak es  it  a n eco no mic a l  ad so r be nt  i s  
t ha t  it  ca n be  p r o duc ed  f r o m t he  wa s t e  d is ca r d ed  p ar t  i . e  t he  p ee l ,  







2. LITERATURE REVIEW 
 
2 . 1  ADSOR P TIO N  
Adso r p t io n  is  c au sed  due  t o  su r fa ce  e ner g y imba la nc es .  An  
a t o m/ io n / mo le c u le  p r es e nt  in  t he   bu lk  e xper ie nc es  int e r - mo le cu la r  
fo r c e s  f r o m a l l  d i r ec t io ns ,  w her ea s  a n io n /a t o m/ mo le c u le  o n t he  su r fa ce  
do es n’ t  e xp er ie nce  eq ua l  pu l l  fr o m a l l  d i r e c t io ns ,  w h ic h  r e su l t  in  
a t t r ac t ing  a dso r ba t es  t o  fu l f i l  it s  bo nd  r equ ir e me nt s .  
Da br o wsk i  e t  a l  s t ud ied  t he  p he no me no n o f  ad so r p t io n  o n  p he no l  a nd  
it s  d e r iva t ive s  w it h a c t iva t ed  c a r bo n be ing  t he  a dso r be nt .  T he  e xt e nt  o f  
adso r p t io n dep e nd ed  o n var io us  fac t o r s  l ik e  po r e  s iz e  d is t r ibu t io n,  t yp e  
o f  po r es  ( mic r o po r es ,  me so po r es  o r  ma cr o po r es)  ,  s pe c i f ic  s u r fac e  a r ea ,     
pH o f  so lu t io n a nd  he t e r o ge n e it y o f  t he  p he no l ic  co mpo u nd s  p r es e nt .  
[ 1 ]  
Ho ng x ia  e t  a l  s t ud ied  t he  ad so r p t io n be ha v io ur  o f T h ( I V)  o nt o  i l l i t e .  
T he  de pe nd e nce  o f ad so r p t io n o n var io us  fac t o r s  l ike  co nt ac t  t ime ,  pH,  
t e mper a t u r e ,  io n ic  s t r eng t h e t c  w a s  s t ud ied .  I t  wa s  fo u nd  t ha t  
adso r p t io n  in  t h is  ca s e ,  s t r o ng ly dep e nd ed  o n fa c t o r s  l ik e  co nt ac t  t ime ,  
pH,  t e mper a t u r e  bu t  ind epe nde nt  o f t he  co nce nt r a t io n o f Hu mic  ac id  
use d .  [ 2 ]  
B ha dr a  e t  a l  s t ud ied  t he  ad so r p t io n o f  d ic lo fe na c  so d iu m fr o m aq ueo us  
so lu t io ns  u s ing  o x id i z e d  ac t iva t ed  ca r bo n.  I t  was  fo u nd  t ha t  o x id iz ed  
ac t iva t ed  ca r bo n s ho we d  be t t e r  adso r p t io n c apa c it ie s  t ha n no r ma l  
ac t iva t ed  ca r bo n w h ic h  co u ld  be  du e  t o  t he  p r e s e nc e  o f  a c id ic  su r fa ce  
fu nc t io na l  g r o ups  w h ic h a r e  c r ea t ed  by o x ida t io n o f ac t iva t ed  c a r bo n  
o n it s  su r fa ce .  [ 3 ]   
Ac t iva t ed  ca r bo n is  k no w n t o  be  a n  e xt r e me ly u se fu l ad so r be nt  fo r  
ind u s t r ia l  a c t iv it ie s .  A c t iva t ing  ag e n t s  g r ea t ly  in f lu e nce  t he  su r fa ce  
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a r ea  a nd  po r o s it y o f t he  ac t iva t ed  c a r bo n p r o duc ed .  T he  ac t iva t ing  
age nt s  no r ma l ly u t i l iz ed  a r e  H 3 PO 4 ,  KOH,  Z nC l 2 ,  Ca C l 2 ,  Na OH,  e t c .  [ 4 ]  
 
2 . 2  ADSORB E NTS  
Adso r be nt s  a r e  su bs t a nc es  w h ic h c au se  s u bs t ance s  t o  adher e  t o  t he ir  
su r fa ce s  due  t o   ener g y imba la nc es  e xper ie nce d  b y t he  su r fa ce  pa r t ic le s  
o f t he  a dso r be nt .  T he   p a r t ic le s  w h ic h  ge t  ad her ed  t o  t he  su r fa ce  o f a n  
adso r be nt  a r e  ca l le d  ad so r ba t e s .  A go o d  adso r be nt  s ho u ld  ha ve  a  h ig h  
a br a s io n  r e s is t a nce ,  h ig h  t he r ma l  r e s i s t a nce  a nd  po r e  d ia met e r s  w h ic h  
a r e  s ma l l  r e su lt ing  in  a n adso r be nt  ha v ing  a  la r ge  su r fa ce  a nd  he nc e  a  
la r ge  a dso r p t io n cap ac it y . 
Acco r d ing  t o  T o r r eg r o sa - Mac ia  e t  a l . ,  a  so l id  a dso r be nt  has  t o  be  
c he mic a l ly  a c t iva t ed  t o  ach ie ve  a  r e la t ive ly w ide  po r e  s iz e  d is t r ibu t io n  
w hic h r es u lt s  in  la r g e  ad so r p t io n cap ac it ie s .  P h ys ic a l  Ad so r p t io n c a n  
be  us ed  t o  fu r t he r  e nha nce  t he  ad so r p t ive  ca pa c it y o f t he  s u bs t ance  a s  
it  in vo lve s  t he  p r o ce ss  o f p a r t ia l  o x id a t io n.  [ 5 ]  
Bue ke ns  e t  a l p r e par e d  var io u s  ad so r be nt s  su c h a s  ac t iva t ed  ca r bo n,  
s i l ic a  ge l ,  zeo l it e s ,  ac t iva t ed  a lu mina ,  e t c  a nd  s t ud ied  t he  ad so r p t io n  
p r o ces se s  fo r  t he  r e mo va l  o f po l lu t a nt s  fr o m w at e r  bo d ie s  a nd  a ir  u s ing  
t he se  ad so r be nt s .  I t  was  fo u nd  t ha t  a c t iva t ed  ca r bo n is  qu it e  e a s y t o  
ma nu fa c t u r e  bu t  it  i s  d i f f ic u l t  t o  adap t  it  t o  spec i f ic  co nd i t io ns .  [ 6 ]  
B ha t nag ar  e t  a l s t ud ie d  t he  su it a b i l it y  o f ac t iva t ed  c a r bo n a nd  o t her  
adso r be nt s  o n la r ge  sc a le  fo r  t he  t r ea tme nt  o f wa s t ewat e r .  [ 7 ]  
Alt ho ug h e nv ir o nme nt  f r ie nd ly a nd  eco no mic  ad so r be nt s  w er e  
de ve lo pe d  fo r  t r ea t ing  wat e r  po l lu t io n,  la r ge  s ca le  p r o duc t io n a nd  
w ide sp r e ad  u se  o f t hes e  ad so r be nt s  is  ye t  t o  t ake  p lace .  
 
Me né nd ez - D íaz  e t  a l  s t ud ie d  t he  t yp e s  o f  ca r bo ns  a nd  t he ir  s t r uc t u r e s  
a nd  p r e par e d  ac t iva t ed  c a r bo n ,  w h ic h is  o ne  o f t he  mo st  impo r t ant  
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adso r be nt s ,  a nd  a lso  s t ud ied  t he  p hys ic a l a nd  c he mic a l  p r o per t ie s  o f  
t he  ac t iva t ed  c a r bo n p r epar ed .  [ 8 ]  
 
2 . 3  ACT IV AT ED C ARB ON  
Act iva t ed  C ar bo n is  a  h ig h ly po r o us  and  a n  a mo r p ho us  so l id  co ns is t i ng  
o f mic r o cr ys t a l l i ne  s t r uc t u r e  w it h a  g r ap h it e  la t t ice ,  u su a l ly  p r ep ar ed  
in  s ma l l  pe l le t s  o r  a  po wder .  A ma jo r  d is ad va nt age  t ha t  co mes  a lo ng  
w it h t he  u s age  o f  a c t iva t ed  c a r bo n is  t ha t  it  ge t s  o x id iz e d  a t  mo d er a t e  
t e mper a t u r es  ( o ver  300
o
C) .  
Ac t iva t ed  ca r bo n ca n be  p r epar ed  fr o m c ar bo nac eo us  mat e r ia l s ,  t he  
va r io u s  so ur ce s  o f w h ic h  inc lud e  co a l  ( b it u mino us ,  su b - b it u mino u s ,  a nd  
l ig n it e ) ,  pe a t ,  wo o d ,  c o co nu t  s he l ls ,  r ice  hus k ,  g r o u nd  nu t  se ed ,   
ja ck fr u i t  pee l e t c .  
2.3.1 PREPARATION OF ACTIVATED CARBON 
Act iva t ed  ca r bo n c a n be  p r epar ed  by ph ys ica l ac t iva t io n a nd  c he mic a l  
ac t iva t io n p r o ces s es .  C he mic a l Ac t iv a t io n is  p r e fe r r ed  o ver  p h ys ic a l  
ac t iva t io n du e  t o  lo w t e mper a t u r e  in v o lved  a nd   it  be ing  a  s ing le  s t ep  
o per a t io n . 
Abec h i  e t  a l   p r ep ar ed  ac t iva t ed  ca r bo n f r o m a n  ag r ic u lt u r a l  so ur ce  i . e  
pa lm k er ne l  b y t he  met ho d  o f c he mic a l  ac t iva t io n . T he y w er e  t he n  
c har a c t e r ize d  by s t a nd ar d  met ho ds  w hic h  inc lud ed  SE M a na lys is  a nd  
FT I R a na lys is .  [ 9 ]  
Ha me ed  e t  a l  p r ep ar ed  a c t iva t ed  c a r bo n u s ing  ag r ic u lt u r a l  w a s t es  as  
p r ecur so r s .  T he  u se  o f t he se  a dso r be nt s  p r epar ed  f r o m a gr icu lt u r a l  
was t e s  f ind s  w ide sp r ead  us e  a s  ad so r be nt s  in  t he  r e mo va l  o f ca t io n ic  
d ye s  in  t e xt i le  indu s t r ie s  w h ic h  r e le a s e  so lu t io ns  co nt a in ing  d ye s  w h ic h  
a r e  ha r mfu l fo r  t he  e nv ir o nme nt  a nd  aq ua t ic  l i fe  wa s  s t ud ie d .  [ 10 ]  
N  B ag her i  e t  a l  p r e par e d  a c t iva t ed  ca r bo n u s ing  co r n co b  a s  a  
p r ecur so r .  B y var y ing  t he  d i f fe r e nt  pa r a met e r s ,  t he  e f fe c t  o n t he  
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qua l it y o f t he  p r o duc t  was  s t ud ied .  T he  I o d ine  Nu mbe r ,  Car bo n Y ie ld  
a nd  Sp ec i f ic  Sur fa ce  Ar ea  ( us ing  BE T )   o f t he  ac t iva t ed  c a r bo n sa mp le s  
p r epar ed  wer e  ca lc u la t e d .  [ 11 ]  
Ra f f ie a  B a ser i  e t  a l  p r epar ed  a nd  s t ud ied  ac t iva t ed  c a r bo n p r ep ar ed  
f r o m Ca s ca be la  T he ve t ia  ( T he ve t ia  pe r uv ia na)  w h ic h wa s  fo u nd  t o  ha ve  
a  h ig h  a dso r p t io n c ap ac it y a nd  a  ve r y h ig h  su r fa ce  a r e a .  V ar io u s  
ac t iva t ing  a ge nt s  l ik e  H 3 PO 4 , Z nC l 2 , KOH, Na OH , H 2 S O 4 .  I t  was  fo u nd  
t ha t  t he  h ig h ad so r p t io n c apa c it y o f  T he ve t ia  pe r u v ia na  a c t iva t ed  
ca r bo n wa s  due  t o  h ig h po r o us  s t r uc t u r e ,  che mic a l  na t u r e  o f t he  su r fa ce  
. T he  c har a c t e r is t ic s  o f a c t iva t ed  c a r bo n  l ik e  po r o s it y,  mo is t u r e ,  pH,  
co ndu c t iv it y ,  bu lk  d e ns it y ,  sp ec i f ic  g r a v it y,  po r o s it y ,  met hy le ne  b lu e  
nu mber ,  io d ine  nu mber  a nd  SE M wer e  inve s t iga t ed .  T he  AC pr epar ed  
was  fu r t he r  u s ed  a s  a n  ad so r be nt  fo r  r e mo va l  o f  d ye s  f r o m wa s t e  w a t e r  
r e lea se d  fr o m t e xt i le  ind us t r ie s .  [ 12 ]  
Ver la  e t  a l p r epar ed  Ac  fr o m f lu t ed  pu mp k in  s he l ls  a t  d i f fe r e nt  
t e mper a t u r es  us ing  t he  sa me  co nc e n t r a t io n  o f  Na OH.  T he  p r ep ar ed  
ac t iva t ed  c a r bo n  wa s  c har a c t e r ized  us ing  s t a nd ar d  t es t s .  P ho sp ha t e  
r e mo va l r a t es  o f t he  ac t iva t ed  wer e  a ls o  s t ud ied . [13] 
2.3.2 CLASSIFICATION OF ACTIVATED CARBON 
Act iva t ed  ca r bo n is  c la s s i f ied  int o  va r io us  t ype s  ba se d  o n t he  s iz e  o f 
t he  ca r bo n p ar t ic le s  p r es e nt . 
1 .  Po wde red  Act iv at ed  C a rbon  ( P A C)  :  G e ner a l ly ,  a c t iva t ed  c a r bo n  
a r e  ma de  in  t he  fo r m o f  po wder s  o r  f i ne  g r a nu le s  u nder  1 . 0  mm in  s iz e  
w it h a n a ver age  d ia met e r  be t we e n 0 . 15  a nd  0 . 2 5  mm.  T her e fo r e  t he y  
s ho w a  ve r y  la r ge  s u r fac e  a r ea  t o  vo lu me  a r ea  w it h  a  ve r y s ma l l  
d i f fu s io n d is t a nce .  Po wder ed  a c t iva t ed  ca r bo n is  c har ac t e r iz ed  a s  t he  
ac t iva t ed  ca r bo n p ar t ic le s  he ld  o n  a  5 0 - ne t wo r k  s t r a ine r  ( 0 . 297  
mm) . P AC is  co mpr is e d  o f pu lver ize d  o r  g ro und  ca r bo n par t ic le s ,  95 –
100%  o f w h ic h w i l l  go  t hr o ugh a n as s ig ned  me s h s ie ve .  Ac co r d ing  t o  
AST M par t ic le s  go ing  t hr o ug h a  80 - mes h s ie ve  ( 0 . 177  mm)  a nd  s ma l le r  
a r e  c la ss i f ied  a s  P AC.   P AC  is  g e ner a l ly  no t  u sed  in  a  d ed ic a t ed  ves s e l,  
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bec au se  o f t he  h ig h head  lo s s  t ha t  it  c o u ld  le ad  t o .  Ra t her ,  PAC is  fo r  
t he  mo st  pa r t  added  d ir e c t ly  t o  d if fe r e nt  p r o cedur e  u n it s ,  fo r  e xa mp le ,  
r aw wat e r  ad mis s io ns ,  r ap id  mix  ba s in s ,  a nd  c la r i f ie r s .  
2 .  Granu la r A ct ivat e d  Ca rbon  ( GA C)  :   Gr anu la r  a c t iva t ed  ca r bo n ha s  
a  co mp ar a t ive ly b igger  p a r t ic le  s i ze  a s  co mpar e d  t o  Po wder ed  
Act iva t ed  C ar bo n  ( P AC)  ,  t he r e fo r e  it  ha s  a  r e la t ive ly s ma l le r  t o t a l  
su r fa ce  a r ea  a s  co mpar ed  t o  t he  la t t e r .   G AC is  mo st ly u sed  a s  a n  
adso r be nt  fo r  gas es  a nd  vapo ur s  as  t he  d i f fu se  r ap id ly,  t he r e b y t he  
s ma l le r  su r fa ce  a r ea  is  no t  a  h in dr a nc e .  Gr a nu la t e d  c a r bo ns  a r e  
p r ima r i ly  us ed  fo r  w as t e  w a t e r  t r ea t me nt ,  deo do r iza t io n a nd  s epar a t io n  
o f co mpo ne nt s  o f f lo w s ys t e m a nd  in  r ap id  mix  s ys t e ms .   
3 .  E xt ruded  Act i vat ed  Ca rbon :  E xt r uded  a c t iva t ed  c a r bo n  is   
po wder ed  a c t iva t ed  ca r bo n bo u nd  t o ge t her  by a  b ind er  su bs t a nc e ,  fus ed  
a nd  e xt r ude d  int o  a  c y l ind er  s h ap ed  f o r m w it h d ia met e r s  va r y ing  f r o m 
0 . 8  to  130  mm.  I t  i s  p r imar i ly  us ed  as  a n a dso r be nt  fo r  gas  p ha se  
app l ic a t io ns  a s  g as es  ha ve  lo w p r e s s u r e  d r o p ,  h ig h  me c ha n ic a l  s t r e ng t h  
a nd  lo w d us t  co n t e nt .  
4 .  B ead  Act iv at ed  Ca rbon :  B ead  a c t iva t e d  ca r bo n is  p r ep ar ed  u s ing  
pe t r o leu m p it c h a nd  me as ur e s  in  t he  r a nge  o f 0 . 35  mm t o  0 . 8  mm in  
d ia met e r .  I t  i s  c har a c t e r ize d  by it s  lo w p r e s su r e  d r o p ,  lo w du s t  co nt e nt  
a nd  h ig h me c ha n ic a l  s t r e ng t h,  a lbe it  w it h a  g r a in s iz e  w h ic h is  s ma l le r  
a s  co mp ar ed  t o  E xt r uded  Act iva t ed  c a r bo n.  I t  i s  t he  p r e fe r r e d  a dso r be nt  
fo r  f lu id ize d  bed  app l ic a t io ns  o w ing  t o  it s  sp her ic a l  s ha pe .  
5 .  Imp reg nat ed  Ca rbon  :  Act iva t ed  ca r bo n imp r eg na t ed  w it h  io d ine ,  
s i lve r ,  ca t io ns  o f va r io us  me t a ls  l ik e  Alu min iu m,  M a ng a ne s e ,  Z inc ,  
I r o n,  L it h iu m e t c  is  c a l le d  impr eg na t ed  c a r bo n.  S i lve r  lo a ded  
impr eg na t ed  ca r bo n is  u se d  fo r  pu r i f ic a t io n o f wa t e r  us ed  fo r  do me st ic  
pu r po se s  o w ing  t o  it s  a nt imic r o b ia l  a n d  a nt i sep t ic  p r o per t ie s .  
6 .  Po ly me r  Coat ed  Ca rb on:  Act iv a t ed  ca r bo n is  co a t ed  w it h a   
b io co mpat ib le  po lyme r  w h ic h  r e su lt s  in  a  s mo o t h a nd  a  pe r me a b le  
co a t ing .  I t  i s  u sed  in  t he  p r o ce ss  o f  t r ea t me nt  o f a  p a t ie nt ’s  b lo o d  




2.3.3. ACTIVATING AGENTS 
Act iva t ing  age nt s  a r e  co mpo u nd s  w hic h a r e  ad ded  t o  t he  p r ecur so r  used  
fo r  p r e par ing  ac t iva t ed  c a r bo n.  T he  p r ecur so r s  a r e  o ft e n so ak ed  in  t he  
ac t iva t ing  age nt s .  T he y he lp  in  t he  fo r mat io n o f po r es  w h ic h  a r e  
es se nt ia l  fo r  t he  p r o ce s s  o f a dso r p t io n.  Also  t he y ac t  a s  de h ydr a t ing  
age nt s  w h ic h  r e mo ve  t he  bo u nd  mo is t u r e  fr o m t he  ca r bo na ceo us  
mat e r ia l s ,  t he r e b y fa c i l i t a t i ng  t he  f o r mat io n o f c r o s s  l ink s  w h ic h  
s t a b i l iz e  t he  su bs t a nce  b y ma k ing  it  le s s  p r o ne  t o  vo la t i le  lo s se s  o r  
vo lu me co nt r ac t io n.  
T he  p r ec ur so r  is  so ak ed  in  t he  ac t iva t ing  age nt  be f o r e  t he  ca r bo n iz a t io n  
t akes  p la ce .  Co mmo nly u se d  ac t iva t ing  a ge nt s  inc lud e  KOH,  Z nC l 2 ,  
H 3 PO 4 ,  NaO H,  Ca( O H) 2 , e t c .  
Ac t iva t ed  c a r bo n  w it h  mic r o  po r e s  wa s  p r epar ed  b y u s ing  Aeg le  
mar me lo s  fr u it  s he l l  a s  t he  p r ec ur so r  a nd  po t ass iu m h yd r o x id e  ( KOH)  
as  t he  ac t iva t ing  a ge nt .  T he  p r e cur s o r  was  so aked  in  t he  Po t ass iu m 
H ydr o x id e  so lu t io n  w it h  va r y ing  impr eg n a t io n r a t io s  ( 0 . 5  t o  2 . 5 )  fo r  a  
du r a t io n o f 1 2  ho ur s ,  t hus  c r ea t ing  t he  nec e ss a r y po r es .  T he  s a mp le s  
wer e  t he n p yr o l iz ed  a t  h ig h t e mp er a t u r es  i n  a  c e r a mic  bo a t  und er  a  
co nt inuo us  f lo w o f n it r o ge n . [14] 
B  As h  e t  a l  s t ud ie d  t he  p r epar a t io n o f  ac t iva t ed  f r o m r a w co co nu t  p it h  
us ing  bo t h H 3 PO 4  a nd  Na OH.  Bo t h t he  a c t iva t ed  s a mp le s  wer e  
c har a c t e r ize d  a nd  co mpar ed  w it h e a c h o t her .  T he  ac t iva t ed  c a r bo n  
p r epar ed  f r o m H 3 PO 4  wa s  fo u nd  t o  e xh ib it  be t t e r  p r o per t ie s  a t  lo w er  
t e mper a t u r es  a s  co mpar ed  t o  t he  a lk a l i  impr eg na t ed  sa mp le s .  [ 15 ]  
T he  imp ac t s  o f ac t iva t ing  ag e nt  a nd  it s  co nc e nt r a t io n  o n  t he  po r e  
s t r uc t u r e  a nd  s u r fac e  c he mis t r y o f a c t iva t ed  c a r bo ns  p r epar ed  u s ing  
o l ive  s t o ne  w it h c he mic a l  ac t iva t io n d o ne  u t i l iz ing  p ho s p ho r ic  ac id  a s  
t he  a c t iva t ing  ag e nt  wer e  s t ud ie d .  Ma s s  c ha ng e s  wer e  de pe nde nt  o n t he  
impr eg na t io n r a t io ,  ca r bo n iz a t io n t e mper a t u r e  a nd  w as h ing  p r o cedur es  




Ac t iva t ed  ca r bo n wa s  p r epar ed  fr o m co co nu t  hu sk  u s ing  
ph ys ico c he mic a l  a c t iva t io n met ho d  w hic h  co ns is t ed  o f po t as s iu m 
hyd r o x id e  ( KOH) . T he  t hr e e  va r ia b le ,  CO 2  ac t iva t io n t e mper a t u r e ,  CO 2  
ac t iva t io n t ime  a nd  impr eg na t io n  r a t io s  wer e  va r ied  a nd  i t s  e f fe c t s  o n  
2 , 4 , 6  T r ic h lo r o phe no l wer e  s t ud ied .  [ 1 7 ]  
Co a l  t a r  p it c h wa s  us ed  a s  t he  p r ecu r so r  fo r  p r ep ar a t io n o f  a c t iva t ed  
ca r bo n . T he  po r e  s t r uc t u r e  a nd  su r fa c e  wer e  a na lys ed  . E le c t r o che mic a l  
p r o per t ie s  o f AC w er e  a lso  s t ud ie d  us ing  t wo  e l ec t r o des  in  6 mo l/ L  
KOH aq ueo us  e l ec t r o lyt es .  T he  e f fe c t  o f a c t iva t io n t e mper a t u r e  a nd  
KOH/pr ecur so r  r a t io  o n t he  po r e  s t r uc t u r e  and  e le c t r o che mic a l  
p r o per t ie s  w er e  s t ud ied  in  d e t a i l.  [ 18 ]  
So de inde  p r ep ar ed  a c t iva t ed  c a r bo n  f r o m co c o nu t  husk s  u s ing  Z inc  
C h lo r id e  a s  t he  a c t iva t ing  ag e nt  a nd  t he  a c t iva t ed  ca r bo n p r e par e d  wa s  
use d  as  c a t a lys t  in  t he  r ed uc t io n he xa mine  co ba l t  ( I I I )  t o  he xa mine  
co ba lt  ( I I ) .  [ 19 ]  
Ya ng  Y ua n e t  a l p r e par e d  ac t iva t ed  c a r bo n f r o m C h ine s e  f i r  sa w du s t  
u s ing  Z nC l 2  a s  t he  a c t iva t ing  age nt  und er  va cuu m.  T he  mic r o po r e  
s t r uc t u r e ,  adso r p t io n c apa c it ie s  e t c  wer e  s t ud ie d  a nd  co m p ar ed  t o  Ac  
p r epar ed  u nder  a t mo sp her e  a nd  it  wa s  fo u nd  t ha t  Ac  p r e par e d  u nd er  
vacu u m s ho w ed  h ig her  su r fa c e  a r e a  a nd  po r e  vo lu me.  T h is  wa s  c au sed  
due  t o  t he  fac t  t ha t  t he  a bse nce  o f  o xyge n  r ed uc ed  t he  s eco nd ar y 
r eac t io n o f t he  o r ga n ic  co mp o unds  p r e se nt .  [ 20 ]  
Ac t iva t ed  ca r bo n wa s  p r ep ar ed  by O le ve ir a  e t  a l fr o m agr o  indu s t r ia l  
was t e s  ( co ffe e  hu sks)  u s ing  Fer r ic  C h lo r ide  a s  a n a c t iva t ing  a ge nt .  T he  
p r epar ed  sa mp le s  wer e  t he n  co mpar e d  w it h  t wo  o t her  s a mp le s - o ne  o f  
w h ic h  wa s  ac t iva t e d  u s ing  Z inc  C h lo r ide  a nd  t he  o t her  sa mp le  ac t iva t ed  
us ing  a  mixt u r e  o f bo t h Z inc  C h lo r ide  a nd  Fer r ic  C h lo r ide .  [ 21 ]  
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2.3.4 PROPERTIES OF ACTIVATED CARBON 
Var io u s  p r o per t ie s  o f  a c t iva t ed  ca r bo n c har a c t e r ize d  suc h  as  I o d ine  
nu mber ,  pH,  bu lk  d e ns it y ,  po r o s it y e t c .  C h ie f  a mo ng  t he m ar e  I o d ine  
Nu mber  a nd  po r o s it y.  
I o d ine  Nu mber - w h ic h  is  t he  a mo u nt  i n  mi l l ig r a ms  o f  io d ine  ad so r bed  
by o ne  g r a m o f ca r bo n w he n t he  io d ine  co nce nt r a t io n in  t he  r es idua l  
f i lt r a t e  is  0 . 1  N  . I t  i s  o ne  o f t he  mo st  impo r t ant  p r o per t y w h ic h  is  u s ed  
to  c har a c t e r ize  a c t iva t ed  c a r bo n.  Ot her  impo r t a nt  p r o per t ie s  inc lu de  
po r o s it y  a nd  bu lk  d e ns it y  . Co mmer c ia l  a c t iva t ed  ca r bo n s ho ws a n  
io d ine  nu mber  o f 9 42 , w hi le  io d ine  nu mbe r s  o f o t he r  A. C p r epar ed  f r o m 
o t her  so ur c e s  is  s ho w n be lo w.  
Tab le  2 . 1  :  I od ine  nu mb e rs  o f  ac t iv a t ed  ca rb on  ( A. C)  p repa red  f ro m 
va riou s  sou rce s  
R aw M a te r i a l  S o ur ce  I o d i ne  N u mb e r  
C o c o nu t  S h e l l  A. C  [1 9 ]  7 8 6  
R ic e  Hu s k  A. C  [2 2 ]  1 7 8  
O l i v e  C a k e  A. C  [2 3 ]  2 5 8  
G e la m W o o d Ba r k  A. C  [2 4 ]  4 1 5  
 
Po ros i t y  o r  vo id  f r ac t io n is  a  me as ur e  o f t he  vo id   spa ce s  in  a  mat e r ia l,  
a nd  is  a  f r a c t io n o f t he  vo lu me o f  vo id s  o ver  t he  t o t a l  vo lu me,  be t wee n  
0  a nd  1 ,  o r  a s  a  pe r c e nt age  be t we e n  0  a nd  100% . I t  is  g ive n  b y t he  
fo r mu la : -  
Po ro s it y=  ( V v ) / ( V t )  
Wher e , V v - vo lu me  o f t he  vo id .  
V t -  t o t a l vo lu me  o f t he  a dso r be nt .  
Po ro us  mat e r ia ls  ca n g e ner a l ly  be  c la s s i f ie d  as : -  
  mic r o po ro us  mat e r ia ls  -  po r e  d ia met e r s  o f le s s  t ha n  2  n m  
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  me so po r o us  mat e r ia ls  -  po r e  d ia met e r s  be t we e n 2  nm a nd  50  nm  
 ma cr o po r o us  mat e r ia ls  -  po r e  d ia met e r s  o f g r ea t e r  t ha n 50  nm  
L iu  e t  a l l  s t ud ie d  t he  s t r uc t u r e s  o f  t hr ee  me so po r o us  su bs t a nce s  ( o r der  
me so po r o us  ca r bo ns)  na me ly,  C M K- 3 ,  CM K- 5 ,  a nd  S i - C M K- 5 . T he  
adso r p t io n ca pa c it ie s  a nd  t he  po r o s it y  o f  ea c h o f t he  su bs t a nc e  w as  
co mp ar ed  w it h e ac h o t her  a nd  s t a nda r d  co mmer ic a l  ac t iva t ed  c a r bo n.  
[ 25 ]  
2.3.5 APPLICATIONS  
 
  I t  is  u sed  in  t he  pu r i f ic a t io n  e l e c t r o p la t ing  so lu t io ns  suc h  a s  t he  
r e mo va l  o f  o r ga n ic  impur it ie s  f r o m br ig ht  n ic ke l  p la t in g  
so lu t io ns .  
  I t  i s  u s ed  in  t he  me d ic a l f ie ld  t o  t r ea t  po iso n ing s  a nd  o ver do s es  
fo l lo w ing  o r a l i nge s t io n.  I t  i s  u se d  in  t he  t r ea t me nt  o f d ia r r ho e a ,  
ind ige s t io n e t c .  
  Act iva t ed  ca r bo n,  in  5 0%  w/w co mb in a t io n w it h c e l it e ,  i s  u s ed  in  
lo w p r es su r e  c hr o mat o gr ap h ic  s epar a t io n  a s  s t a t io nar y p ha se  fo r  
sep ar a t io n o f  c a r bo hyd r a t es  by us ing  e t ha no l  so lu t io ns  as  mo b i le  
pha se  in  a na lyt ic a l o r  p r ep ar a t ive  p r o to co ls .  
  I t  i s  w id e ly u s ed  in  t r ea t ing  a i r  a nd  wat e r  po l lu t io n  in  f ie ld  as  
we l l  a s  ind us t r ia l  p r o ce ss e s  su c h a s  :  
    1 .  Sp i l l  c le a n  up  
    2 .  Gro undw at e r  r e med ia t io n  
    3 .  Dr ink ing  w at e r  f i lt r a t io n  









3. MATERIALS AND METHODS 
 
P r epar a t io n  o f ac t iva t ed  ca r bo n f r o m jac k fr u it  pe e l  u s ing  Po t ass iu m 
H ydr o x id e  a s  a n ac t iva t ing   age nt  is  do ne  by t he  fo l lo w ing  s t ep s : -  
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Figure 3.1 : Outline of preparation of activated carbon 
 
3 . 1  PR E PAR AT ION O F PRE CU RSOR  
S ma l l  s iz e d  jac k fr u it s  wer e  co l l e c t e d  fr o m t he  t r ees  o n t he  NI T ,  
Ro ur ke la  ca mp us  . T he  o u t e r  pee l  w a s  s epar a t ed  fr o m t he  inne r  mea t  
Preparation of precursor 
Activation by activating 
agents 
Carbonization 





a ft e r  w h ic h  it  w as  c u t  int o  s ma l l  p ie c es  , wa s hed  w it h  wa t e r  t o  r e mo ve  
a ny du s t  o r  s t a ins  o n t he  pe e l  . T h is  was  fo l lo w ed  by a i r  d r y ing  it  fo r  
so me t ime  a nd  la t e r  it  wa s  o ve n d r ie d  a t  a  t e mper a t u r e  o f 70
O
C fo r  48  
ho ur s  . T he n t he  pe e l ,  de vo id  o f a ny  mo is t u r e  wa s  c r u s he d  u s ing  a  
ha mmer  a nd  t he n it  wa s  g r o u nd  in  a  mixer  g r ind er . 
3 . 2  ACT IV AT ION USI NG AC T IVA T I NG AGE NTS  
T he  g r o u nd ed  s a mp le s  w er e  impr e g na t ed  w it h KO H a nd  Z nC l 2  in  
d if fe r e nt  r a t io s  ( We ig ht  o f impr e g na t ing  age nt / We ig ht  o f r a w s a mp le )  
1 :1 ,  2 :1 ,  1 : 2 .  Wher ea s  H 3 PO 4  impr eg na t io n r a t io s  w er e  t ak e n in  t e r ms  
o f p e r c e nt age s - 10% ,  20% ,  30% ,  4 0% ,  s inc e  H 3 P O 4  i s  a  l iq u id .  Abo u t  
10g  o f  impr eg na t ing  ag e nt s  wer e  d is s o lved  in  d is t i l le d  wa t e r  fo l lo we d  
by t he  add i t io n  o f r aw s a mp le  in  d i f fe r e nt  r a t io s / pe r c e nt age s  
acco r d ing ly.  T he  sa mp le s  w er e  le ft  t o  s e t t le  fo r  a  pe r io d  o f  12  ho ur s  
fo l lo we d  by de ca nt a t io n o f t he  sa mp les  i n  w h ic h t he  p r ec ip it a t e  w a s  
sep ar a t ed  f r o m t he  de ca nt  a nd  w a s  t r ans fe r r ed  t o  a  pe t r i - d is h  a nd  d r ie d  
in  a n o ve n fo r  a  pe r io d  o f 24  ho ur s .  
P r io r  t o  ca r bo n iz a t io n ce r t a in  t e s t s  w e r e  p e r fo r me d  o n t he  s a mp le s  suc h  
as  T her mo gr a v imet r ic  Ana lys is  ( T G A) ,  Sca nn ing  E le c t r o n M icr o sco p y  
( SE M) ,  Fo ur ie r  T r a ns fo r m I n fr a r ed  Sp ec t r o sco p y  
3 . 3  THE RM OGRAV IM E TR IC A NA L YSIS  ( T GA)  
Act iva t ed  ca r bo n p r ep ar ed  u nder  d i f fe r e nt  ac t iva t io n co nd it io n w as  
su b je c t ed  t o  T G a na lys is  t o  se lec t  t h e  t e mp er a t u r e  r a ng e  fo r  ac t iva t io n  
to  co nt inu e  u s ing  var y ing  a c t iva t ing  a ge nt s .  T her mo gr a v imet r ic  
a na lys is  ( T G A)  a na lys e s  t he  c ha nges  in  p h ys ic a l  a nd  c he mic a l  
p r o per t ie s  o f mat e r ia ls  w it h  r e spe c t  t o  a  fu nc t io n o f  inc r ea s ing  
t e mper a t u r e  ( a t  co ns t a nt  he a t ing  r a t e ) ,  o r  a s  a  fu nc t io n o f t ime  ( a t  
co ns t ant  t e mper a t u r e  a nd /o r  co ns t a n t  ma ss  lo ss ) .  I t  wa s  u sed  t o  
ca lc u la t e  t he  t e mper a t u r e  r a ng es  be t wee n w h ic h t he  ca r bo n iz a t io n wa s  




T GA a lso  p r o v id e s  in fo r mat io n o n var io u s  p hys ic a l  p he no me na  l ik e  
vapo r iza t io n,  su b l imat io n,  a bso r p t io n e t c .  I t  i s  u s ed  t o  mea sur e  t hr e e  
pa r a met e r s : -  ma s s  c ha nge ,  t e mper a t u r e  cha ng e ,  a nd  t e mper a t u r e  
c ha nge .  I t  co ns is t s  o f a  p r e c is io n s a mp le  w h ic h  is  t o  be  f i l le d  w it h t he  
sa mp le ,  a nd  a  fu r nac e  w hic h is  p r o gr a m ma b le .  I t  can be  p r o gr a mme d  
e it he r  t o  ma int a in  a  co ns t a nt  he a t ing  r a t e  o r  a  co ns t ant  ma s s  lo s s  r a t e  
w it h t ime .  Co ns t a nt  he a t  lo ss  r a t e  is  mo r e  co mmo nly u se d .  
T G Ana lys e s  w er e  p e r fo r med  o n t he  d i f fe r e nt  sa mp le s  o f  KO H  
impr eg na t ed  p r ecur so r  ( 1 :1 ,  2 :1 ,  1 :2  s a mp le s)  a nd  Z nC l 2  s a mp le s  ( 1 :1 ,  
2 :1 ,  1 :2 )  a lo ng  w it h t he  r a w sa mp le  and  t he  t e mper a t u r e  r a ng e s  a t  
w h ic h  t he  c a r bo n iz a t io n p r o ces s  is  t o  be  c a r r ied  o u t  wer e  d edu ced  f r o m 
t he  a na lys is .  T he se  t e mper a t u r es  a ls o  ind ic a t e  t he  t e mper a t u r es  a t  
w h ic h  t he r e  is  co mp le t e  lo s s  in  mo i s t u r e  co nt e nt ,  l ig n in ,  ce l lu lo se ,  a nd  
he mi- c e l lu lo s e .  
3 . 4  CARB ON I ZAT IO N   
T he  s a mp le s  impr e g na t ed  w it h KOH a nd  Z nC l 2  wer e  kep t  in  a  c r u c ib le  
w it h a  l id  a nd  he a t ed  in  t he ir  r e spe c t ive  t e mp er a t u r e  r a nge s  a s  o bt a ine d  
f r o m T G A a na lys is  a t  e ver y 5 0
o
C in t e r va l ,  i n  a  T u bu la r  fu r nac e  a t  
hea t ing  r a t e  10
o
C/ min  in  a n  ine r t  a t mo spher e .  T he  N 2  f lo w r a t e  fo r  t he  
t ubu la r  fu r na ce ,  w h ic h  ha s  a  ma x imu m t e mp er a t u r e  o f 14 00
o
C, a  po wer  
supp ly o f 230  Vo lt s ,  a  le ng t h o f 120  c m,  a n inner  d ia met e r  o f 50  mm 
a nd  a n o u t e r  d ia met e r  o f  58  mm,  is  10 0  ml/ minu t e  a nd  t he  pu r it y  o f  N 2  
i s  99 . 9% .  T he y wer e  kep t  fo r  a  pe r io d  o f 30  minu t e s  a t  r espe c t ive  
t e mper a t u r e .  Whi le  fo r  H 3 PO 4  sa mp les  -  t he y w er e  c a r bo n ize d  a t  a  
co ns t ant  t e mper a t u r e  o f 700
o
C fo r  a  d u r a t io n  o f 30  minu t es .  L a t e r  upo n 
f ind ing  t he  I o d ine  Nu mbe r s  o f  t he  s a mp le s ,  t he  sa mp le s  w er e  su b jec t ed  
to  ca r bo n iz a t io n by inc r e as ing  t he  d u r a t i o n t o  60  minu t es  a nd  a lso  
r a is ing  t he  t e mp er a t u r e s  o f  t he  sa mp le s  w h ic h  s ho wed  t he  h ig he s t  






Figu re  3 . 2 : Tubu la r Fu rnac e  us ed  t o  ca rbon i ze  t h e  p re cu rso r  
3 . 5  WASHI NG AN D DR YI NG   
T he  sa mp le s  o nc e  r e mo ve d  f r o m t he  t ubu la r  fu r nace  w er e  a l lo wed  t o  
co o l do w n t o  r oo m t e mper a t u r e  a nd  su bse que nt ly w a s hed  w it h 0 . 1N H C l  
t i l l  no  c ha nge  in  pH o f t he  wa s hed  s a mp le s  wer e  o bser ved .  T he  s a mp le s  
wer e  s u bs equ e nt ly d r ie d  a t  a  t e mp e r a t u r e  o f 1 00
o
C  t o  r e mo ve  t he  
mo is t u r e  co nt ent  
3 . 6  SCANN IN G E LE CTR ON M IC RO SCOP E  
A sca nn ing  e le c t r o n  mic r o s co pe  ( SE M)  p r o duces  imag e s  o f a  s a mp le  b y  
sc a nn ing  i t  w it h a  be a m o f e l e c t r o ns .  O n int e r a c t io n,  t he  e le c t r o ns  
p r o duce  ima g es  o f t he  s a mp le  t ha t  co nt a in  in fo r mat io n o f  t he  
co mpo s it io n a nd  su r fa ce ' s  t o po gr aphy.  SE M ha s  a  r e so lu t io n o f be t t e r  
t ha n 1  n m.  Spe c ime ns  c a n be  o bs er ved  u nd er  a  w id e  r a ng e  o f  
t e mper a t u r e  a nd  p r e s su r e  co nd i t io ns .  SE M pr o duces  a  w id e  r a ng e  o f  
s ig na ls  s uc h a s  s eco ndar y e le c t r o ns ,  c har a c t e r is t ic  X - Ra ys ,  spe c ime n  
cu r r e nt ,  ba ck  sc a t t e r ed  e lec t r o ns ,  e t c ,  t he  mo st  impo r t ant  o f t he m be ing  
t he  se co ndar y e le c t r o ns .  SE M  pr o duce s  a  w ide  r a nge  o f ma g n i f ic a t io ns  
r a ng ing  f r o m 10  t ime s  t o  o ver  5 , 00 , 0 00  t ime s  w h ic h is  mu c h h ig her  
t ha n t he  mo st  po wer fu l  l ig ht  mic r o sco pes .  
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3 . 7  FOU RI ER TRA NSF ORM  IN FR AR ED S PEC TR OSCO PY ( FT IR)  
Fo ur ie r  t r a ns fo r m in fr a r ed  sp ec t r o sco py o bt a ins  a n in f r a r ed  s pe c t r u m o f  
a bso r p t io n o r  e mis s io n o f  a  so l id ,  l iq u id  o r  ga s .  I t  i s  u s ed  t o  f ind  t he  
fu nc t io na l  g r o ups  p r e se nt  in  t he  s a mp le . 
T he  a im o f a bso r p t io n spe c t r o sco p y is  t o  check  ho w w e l l  l ig ht  a t  
d i f fe r e nt  wa ve le ng t hs  is  a bso r bed  b y  t he  sa mp le .  FT I R  w as  us ed  t o  
s h ine  a  be a m o f l ig ht  co nt a in ing  ma n y f r e que nc ie s  o n t he  sa mp le  a nd  
me a sur e  t he  a mo u nt  o n l ig ht  a bso r bed  by t he  s a mp le .  Ne xt ,  a  bea m w it h  
d if fe r e nt  fr e que nc ie s  o f l ig ht  w as  inc id e nt  o n t he  sa mp le s  w h ic h  g a ve  
a no t her  da t a  po int ,  a nd  so  o n.  
T he  be a m o f l ig ht  u s ed  wa s  g e ner a t ed  b y u s ing  a  br o ad ba nd  so ur ce  o f  
l ig ht  ( o ne  w hic h  co nt a ins  fu l l  spe c t r um o f wa ve le ng t hs  o f l ig ht )  w h ic h  
was  t he n fo cu ss ed  o n t o  Mic he lso n I n fe r o met e r - w hic h  co nt a ined  
mir r o r s  in  a  ce r t a in  co mb ina t io n a nd  o ne  o f w h ic h  w as  mo ved  u s i ng  a  
mo t o r .  So me o f t he  w a ve le ng t hs ,  d ue  to  t he  mo ve me nt  o f t he  mir r o r s ,  
go t  pe r io d ic a l ly  b lo ck ed ,  t r ans mit t ed  due  t o  t he  p he no me no n o f wa ve  
in t e r fe r e nc e .  T he  wa ve le ng t hs  w er e  t he n mo d u la t ed ,  t he r e by a l lo w ing  
eac h bea m co ming  o u t  o f t he  int e r fe r o met e r  t o  h a ve  a  d i f fe r e nt  
spe c t r u m o f w a ve le ng t hs .  
FT I R wa s  p er fo r med  o n t he  r a w sa mp le ,  H 3 PO 4  impr eg na t ed  sa mp le ,  
KOH imp r eg na t ed  sa mp le ,  Z nC l 2  imp r eg na t ed  s a mp le .  Al l  t he  s a mp le s  
wer e  t he n co mpar e d  w it h t he  r a w  sa mp le ,  t he r e b y de t ec t ing  t he  
d if fe r e nt  fu nc t io na l  g r o ups  p r e s e nt  in  t he  sa mp le s  t ha t  wer e  ac t iva t ed  
us ing  t he  a bo ve  me nt io ne d  ac t iva t ing  a ge nt s .  
3 . 8  DE TERM INA T ION O F IO DI NE N UM B ER AND C ARB ON Y IE LD  
Iodine Number : 
I o d ine  nu mbe r  t e s t s  wer e  p e r fo r me d  o n  t he  sa mp le s  b y s t andar d  I o d ine  
Nu mber  t e s t .  I t  was  pe r fo r med  in t he  f o l lo w ing  wa y:  
Reag ent s:  
  0 . 1N I o d ine  so lu t io n (  40  g m KI  in  1  L it r e  o f D is t i l le d  wa t e r  ) .  
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  0 . 05N So d iu m T h io su lp ha t e  so lu t io n ( 12 . 5  g m Na 2 S 2 O 3 . 5H 2 O in  1  
L it r e  o f  D is t i l le d  w a t e r )  
  1%  S t a r ch so lu t io n  
  Act iva t ed  ca r bo n  
P ro cedu re:  
I  - S t andar d iz a t io n o f I o d ine  so lu t io n  
   10  ml  o f 0 . 1N I o d ine  so lu t io n w a s  t ake n in  a  co n ic a l  f la sk .  
   2  d r o ps  o f S t a r c h so lu t io n wa s  ad ded  t o  it  
  T he  p a le  ye l lo w co lo ur  o f I o d ine  So lu t io n  t u r ne d  B lu e .  
  I t  was  t it r a t ed  aga ins t  0 . 05  N So d iu m T h io su lp ha t e  t i l l  i t  be ca me  
co lo ur les s .  
  Bur e t t e  r ead ing  co r r e spo nded  t o  b la nk  r ead ing . ( B) .  
I I  
   0 . 2  g m o f Ac t iva t ed  ca r bo n wa s  we ig h ed .  
   I t  was  int r o duced  int o  a  co mp le t e ly d r y vo lu met r ic  f la sk .  
   40 ml o f 0 . 1 N I o d ine  so lu t io n wa s  add ed  
   T he  f la sk  w a s  s hake n co nt inuo us ly fo r  4  minu t e s  a nd  f i l t e r e d .  
   T he  f i lt r a t e  was  co l le c t ed  in  a  d r y f la sk  a nd  10  ml  o f t he  f i lt r a t e    
was  t it r a t ed  ag a ins t  S t andar d  So d iu m t h io s u lp ha t e  so lu t io n u s ing  
s t a r c h a s  ind ic a t o r  
  Bur e t t e  r ead ing  co r r e spo nded  t o  ( A) .  
Ca lc u la t io ns :  
I o d ine  va lue =  C x Co nver s io n fac t o r ;  mg /g m  
Co nver s io n Fa c t o r :  ( Mo lec u la r  w e ig ht  o f io d ine  ( 127)  x no r ma l it y  o f  
io d ine  x 4 0 )  /  ( Wt .  o f c a r bo n x B la nk  r ead ing )  
Wher e ,  C= B- A.  
Carbon Yield : 
A cr u c ib le  wa s  f i l le d  w it h  k no w n a mo u nt  o f p r ecur so r  impr e g na t ed  
w it h a c t iva t ing  ag e nt .  I t  was  su b je c t ed  to  ac t iva t io n a nd  t he n aga in  t he  
we ig ht  o f t he  a c t iva t ed  ca r bo n wa s  e s t imat e d .  T he  lo s s  in  w e ig ht  w it h  
r esp ec t  t o  in it ia l we ig ht  ga ve  t he  y ie ld  o f t he  ac t iva t ed  ca r bo n  . 
X  =  ( I n i t ia l  w e ig ht - F ina l we ig ht ) / ( I n it i a l We ig ht )  
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Car bo n Y ie ld  %  =  ( 1 - X)  x 100  
3 . 9  OTHE R CHA RAC T ER IST ICS  
Ot her  c har a c t e r is t ic s  o f t he  p r ep ar e d  ac t iva t ed  c a r bo n su c h a s  pH,  
po r o s it y ,  mo is t u r e  co nt e nt ,  a s h  co nt ent  a nd  vo la t i le  mat t e r  e t c  w er e  
de t e r mined  u s ing  t he  s t a nd ar d  t e s t s  o f  fo r  e ac h  o f t he  a bo ve  me nt io ned  
c har a c t e r is t ic  
3.9.1 DETERMINATION OF pH:  
T he  pH  wa s  de t e r mine d  u s ing  t he  s t a ndar d  t es t .  100  ml o f  d is t i l le d  
wa t e r  wa s  add ed  t o  1 . 0  g r a m o f J ack fr u it  Pe e l  Ac t iva t ed  c a r bo n  ( JP AC)  
in  a  be ak er  a nd  t he  mixt u r e  wa s  s t i r r ed  fo r  o ne  ho ur .  La t e r ,  upo n  
s t a b i l iz ing  t he  pH o f t he  sa mp le s  wa s  me a sur e d  us ing  a  pH met e r .  
3.9.2 DETERMINATION OF MOISTURE CONTENT: 
1g  o f ac t iva t ed  ca r bo n wa s  t ak e n in  a  pe t r i - d is h  a nd  ke p t  in  a n o ve n  a t  
a  t e mp er a t u r e  o f 12 0
O
C fo r  a  du r a t io n o f 4  ho ur s .  T he  lo s s  in  w e ig ht  o f 
t he  s a mp le  ga ve  t he  mo is t u r e  co nt e nt .  
Moisture Content = (1-Final weight) x 100. 
3.9.3 DETERMINATION OF ASH CONTENT AND VOLATILE MATTER: 
A cr uc ib le  w as  p r e  he a t ed  in  a  mu f f l e  fu r nac e  t o  abo u t  700
O
 C ,  t he n  
co o led  a nd  w e ig hed . 1 . 0  g  o f jac k fr u it  pee l  a c t iva t ed  ca r bo n ( JP AC)  
sa mp le s  wer e  t r ans fe r r ed  int o  t he  c r uc ib le s  a nd  r e - we ig hed  . T he  
c r uc ib le s  co nt a in ing  t he  s a mp le s  wer e  in  a  mu f f led  fu r na ce  a nd  he a t ed  
to  700
O
C.  I t  was  r e mo ved  a nd  a l lo w e d  to  co o l i n  a  de s ic ca t o r  t o  roo m 
t e mper a t u r e .  T he  as h co nt e nt  was  ca lc u la t ed  us ing  t he  g ive n fo r mu la :  
As h ( % )  =  ( a s h we ig ht ) /  ( o ve n d r y w e ight )  x  100 .  
Vo la t i le  M at t e r  ( % )  =  ( 100 - ( ( Car bo n Y ie ld  % )  +  ( Mo is t u r e  Co nt ent  % )  




3.9.4 DETERMINATION OF DENSITY:  
A k no w n we ig ht  o f t he  ac t iva t ed  c a r bo n wa s  t ake n in  a  me as ur ing  
c y l ind er  a nd  it s  vo lu me w a s  mea sur ed .  
De ns it y  =(  ma s s / vo lu me )  
S imi la r ly,  spe c i f ic  g r a v it y w a s  ca lc u la t ed  by : -  
Spec i f ic  Gr a v it y  =  ( d e ns it y  o f ac t iva t e d  ca r bo n/de ns i t y  o f wa t e r ) .  
De ns it y  o f w a t e r  =  1000  g / c m
3
.  
3.9.5 DETERMINATION OF POROSITY:  
T he  ja ck fr u it  pee l ac t iva t ed  ca r bo n ( J PAC)  wa s  pu t  in  a n o ve n fo r  o ne  
ho ur  a t  a  t e mper a t u r e  o f  100
O
C a nd  a l lo wed  t o  d r y . A  c le a n,  d r y,  we l l  
co r ked  de ns i t y  bo t t le  wa s  we ig hed  a nd  f i l le d  w it h wa t e r  a nd  r e we ig he d  
aga in .  Sa mp le s  o f  a c t iva t ed  c a r bo n  w er e  t ake n  a nd  g r o und  t o  po wder  
a nd  p u t  int o  t he  bo t t le s  w it h  l it t le  w a t e r  and  t he  w e ig ht  w as  me as ur ed  
aga in.  
Po ro s it y =  V v/ Vt ,  wher e  V v =  vo lu me o f vo id ,  Vt  =  to t a l vo lu me.  
V v =V t - V s ,  w her e  V s  i s  t he  vo lu me o f s o l id  s a mp le  t ak e n.  
3.9.6 DETERMINATION OF SPECIFIC SURFACE AREA 
Spec i f ic  su r fa ce  a r ea  is  a  c har ac t e r is t ic  p r o per t y o f so l id s  a nd  it  i s  
me a sur e d  a s  t he  a mo u nt  o f su r fa ce  a r ea  o f  a  s u bs t a nce  per  u n it  ma s s .  
T he  su r fa ce  a r ea  is  me as ur ed  o n t he  ba s is  o f BE T  t heo r y w hic h it s e l f  is  
bas ed  o n t he  L a ng mu ir  t heo r y.  I t  i s  mea sur ed  us ing  b y u s ing  Aut o so r b 
1  su r fa ce  a na lyz er .  N i t r o ge n ga s  is  u se d  a s  t he  ad so r ba t e  a nd  t he  









4. RESULTS AND DISCUSSIONS 
 
4 . 1  CHAR ACT ER IS TI CS O F AC TI V AT ED CA RB ON  
T he  var io u s  c har a c t e r is t ic s  o f t he  ac t iva t ed  c a r bo n  p r ep ar ed  f r o m 
ja ck fr u i t  pe e l  su c h a s  T her mo gr a v imet r ic  a na lys is  ( T G A)  w hic h  
de t e r mine s  t he  t e mper a t u r e  r eq u ir e d  fo r  ca r bo n iz a t io n ,  Sca nn ing  
E le c t r o n M ic r o sco p y ( SE M)  w h ic h g i ve s  t he  ima ge s  o f  t he  po r o us  
su r fa ce  o f  t he  ac t iva t ed  ca r bo n p r epa r ed ,  Fo ur ie r  T r a ns fo r m I n fr a r e d  
Spec t r o sco p y  ( FT I R)  – w hic h  he lp s  in  de t e r min ing  t he  fu nc t io na l  g r o ups  
p r es e nt  in  t he   ac t iva t ed  ca r bo n sa mp le .  Ot her  impo r t ant  c har a c t e r is t ic s  
suc h  a s  io d ine  nu mber ,  ca r bo n y ie ld ,  mo is t u r e  co nt e nt ,  a s h  co nt e nt  a nd  
vo la t i le  mat t e r ,  dens it y ,  po r o s it y  e t c  w er e  a lso  de t e r mine d   
4.1.1 THERMOGRAVIMETRIC ANALYSIS 
 
The rm og rav i met r i c  An a ly s i s  g raph s  o f  K OH imp regn at ed  sa mp le s  in  
d i f fe rent  ra t io s  ( K OH: precu rso r)  
 




Figu re  4 . 1  ( b )  :  TGA g raph  o f  1 : 1 ( K OH  : precu rs o r)  i mp regnat ed  




Figu re  4 . 1  ( c ) :  TG A g ra ph  o f  2 : 1 ( K OH  :  pre cu rso r)  imp re gnat ed  







Figu re  4 . 1  ( d )  :  TGA g raph  o f  1 : 2  ( K OH  : precu rs o r)  i mp regnat ed  
sa mp le  
 
T he  t e mper a t u r e  r a nge s  fo r  ea c h o f t he  sa mp le s  impr e g na t ed  w it h KOH  
as  t he  ac t iva t ing  a ge nt  wer e  d edu ced  f r o m t he  g r ap hs  a nd  c a r bo n iza t i o n  
was  ca r r ie d  o u t  acco r d ing ly.  T a b le - 2  be lo w p r o v id e s  t he  t e mper a t u r e  
r a nge  o bt a ine d  f r o m T G A fo r  d i f fe r e nt  impr eg na t io n r a t io  w it h KOH a s  
impr eg na t ing  age nt .  
Table 4.1 : Effective temperature range at different IRs of KOH for carbonization 



















The rm og rav i met r i c  Ana l y s i s  g raph s  o f  Zn C l 2  i mp regnat ed  sa mp le s  
in  d i f fe rent  ra t io s  ( ZnC l 2 : p re cu rso r)  
 
Figu re  4 . 2  ( a )  :  TGA g raph  o f  1 : 1 ( Zn Cl 2 : p re cu rso r)  i mp regn at ed      
sa mp le .  
 
Figu re  4 . 2  ( b ) :  TGA g raph  o f  2 : 1 ( Zn Cl 2 : p re cu rso r)  i mp regn at ed     




Figu re  4 . 2  ( c ) :  TG A g ra ph  o f  1 : 2  ( Zn Cl 2 : p re cu rso r)  i mp regn at ed  
sa mp le  
Tab le  4 . 2  :  Effective temperature range at different IRs of ZnCl2 for carbonization 


















Car bo n iz a t io n  wa s  ca r r ie d  o u t  fo r  d if fe r e nt  sa mp le s  acco r d ing  t o  t he  
t e mper a t u r e  r a nge s  in  t he  t a b le s  a bo ve . T he  mo is t u r e ,  l ig n in ,  ce l lu lo s e  
a nd  he mi- ce l lu lo se  co nt ent s  in  t he  sa mp le s  a r e  co mp le t e ly r e mo ved  t hu s  
ma k ing  it  co nd uc ive  fo r  ca r bo n iz a t io n in  t he se  t e mper a t u r e  r a nge s .  
4.1.2 SCANNING ELECTRON MICROSCOPY 
T he  po r o us  s t r uc t u r e  o f t he  c a r bo n ize d  sa mp le s  wa s  s t ud ie d  us ing  t he  




Figu re  4 . 3  ( a ) :  SEM  im age  o f  raw s a mp le  
T he  ima g e  o f t he  r a w sa mp le  a bo ve  s ho ws no  po r es .  An a c t iva t ing  a ge nt  
is  r equ ir ed  t o  he lp  t he  fo r mat io n o f po r es .  T he  bo u nd  mo is t u r e  p r e se nt  
co u ld  be  r e mo ved  by t he  u se  o f a c t iva t ing  age nt s  l ike  H 3 P O 4 ,  KOH,  
Z nC l 2  e t c .  
Figu re  4 . 3  ( b ) :  SEM  ima ge  o f  1 : 1 ( K OH  : precu rs o r)  i mp regnat ed  
sa mp le  a t  5 00
o
C  
Abo ve  is  t he  SE M imag e  o f  t he  KOH  impr eg na t ed  a c t iva t ed  c a r bo n  in  t he  
r a t io  1 :1  a t  a  t e mp er a t u r e  o f 500
o
C. A few po r es  ca n  be  s ee n in  t h e  
d iag r a m.  T he  mic r o po r es  a r e  s ma l l  i n  s iz e ,  w h ic h  o w ing  t o  t he  h ig h  
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t e mper a t u r es  a nd  t he  p r e se nc e  o f ac t iv a t ing  co u ld  fu r t he r  e xpa nd  t o  fo r m  
la r ger  me so po r es .  T he  add it io n o f  a c t iva t ing  ag e nt  a nd  h ig h  t e mper a t u r e  
co u ld  fu r t he r  he lp  in  t he  fo r mat io n o f   mo r e  mic r o po r es  w h ic h  co u ld  be  a  
r esu l t  o f  r e mo va l  o f  t r ace s  o f bo und  mo is t u r e  a nd  o t her  vo la t i le  
co mpo ne nt s  a nd  t he  b io po lymer s  p r e se nt  in  t he  r a w mat e r ia l .  
 
Figu re  4 . 3  ( c ) :  SEM  i mage  o f  2 : 1 ( K OH  : precu rs o r)  i mp regnat ed  
sa mp le  a t  4 50
o
C  
T he  a bo ve  ima ge  is  t ha t  o f ac t iva t ed  ca r bo n p r e par e d  u s ing  KO H as  a n  
ac t iva t ing  ag e nt  w it h a n impr eg na t io n r a t io  ( KO H : r aw sa mp le )  o f 2 :1 . I t  
ca n be  see n t ha t  w it h t he  inc r ea se  in  t he  po r es  co u ld  be  a t t r ibu t ed  t o  a  
nu mber  o f r ea so ns  . F ir s t l y  t he  h ig h  t e mper a t u r e  o f 450
o
C,  co u ld  ha ve  
r esu l t ed  in  t he  e sc ap ing  o f t he  bo u nd  mo is t u r e  a nd  o t her  vo la t i le  mat t e r  
f r o m t he  p r e cur so r  mat e r ia l  le a v ing  vo id s .  Se co nd ly,  t he  la r g e  
ma cr o mo le cu le s  o f t he  p r ec ur so r  mat e r ia l  b r ea kdo w n a nd  r eco ns t it u t e  
( so met ime s  fo r ming  a r o mat ic  co mp o und s  a t  h ig her  t e mper a t u r es)  w h ic h  
co u ld  ha ve  le d  t o  t he  fo r mat io n o f  p o r es .  Ano t her  impo r t a nt  fac t o r  is  
t ha t  o f t he  a c t iva t ing  age nt  p r e se nt  ( KOH)  w hic h  co u ld  ha ve  r ea c t ed  w it h  
ca r bo n sk e le t o n o f t he  p r e cur so r  r esu l t ing  in  t he  fo r mat io n o f po r e s  a nd  





Figu re  4 . 3  ( d )  :  SEM  im age  o f  1 : 2  ( K OH  : precu rs o r)  i mp regnat ed  
sa mp le  a t  5 00
o
C  
I n t he  a bo ve  imag e  o f ac t iva t ed  ca r bo n p r ep ar ed  u s ing  KOH a s  t he  
ac t iva t ing  ag e nt  in  a  r a t io  o f 1 : 2  a t  a  t e mper a t u r e  o f 4 00
o
C fo r  a  du r a t io n  
o f 3 0  minu t e s ,  i t  i s  o bse r ved  t ha t  it  ha s  co mpar a t ive ly le s se r  nu mber  a nd  
le s s  p r o no u nc ed  po r es  a r e  fo r med  w hic h is  t he  r esu lt  o f u se  o f KOH in  
le s se r  q ua nt it y  a s  co mpar ed  t o  t he  p r e v io u s  sa mp le .  Also  o w ing  t o  t he  
s l ig ht l y lo w er  t e mper a t u r e  in  t h is  ca s e ,  le s se r  nu mb e r  o f  me so po r es  ca n  










SEM  imag es  o f  ZnC l 2  i mp regnat ed  sa mp les  in  d i f fe rent  ra t io s  
 
 
Figu re  4 . 4  ( a )  :  S EM  im age  o f  1 : 1 ( ZnC l 2 : p rec u rso r)  im p re gnat e d  
sa mp le  a t  6 50
o
C  
T he  a bo ve  ima ge  is  t ha t  o f ac t iva t ed  ca r bo n p r e par e d  by u s ing  ja ck fr u i t  
pee l  a s  a  p r e cur so r  and  Z nC l 2  a s  t he  a c t iva t ing  age nt  w it h a n  
impr eg na t ing  r a t io  o f 1 :1  ( Z nC l 2 : p r ec ur so r ) .  I t  is  no t ic ed  t ha t  t he  po r e s  
a r e  la r ger  in  s iz e  a s  co mp ar ed  t o  t he  KOH  o w ing  t o  t he  h ig he r  
t e mper a t u r es .  A lso  t he  po r es  a r e  fo u nd  t o  be  le s s  p r o no unce d  du e  t o  t he  
fa c t  t ha t  Z n p r e se nt  in  Z nC l 2  i s  no t  an  a lka l i  me t a l .  T he  a lk a l i  ca t io n du e  
to  t he ir  h ig h ly r eac t ive  na t u r e  le ad s  to  t he  fo r mat io n o f la r ger  nu mbe r  





Figu re  4 . 4  ( b )  :  SEM  im age  o f  2 : 1 ( ZnC l 2 : p rec u rso r)  i mp regn at e d  
sa mp le  a t  6 50
o
C  
Alt ho ug h t h is  sa mp le  is  ca r bo n iz ed  a t  t he  sa me  t e mper a t u r e  a s  t h e  
p r e v io u s  s a mp le ,  t he  p r e se nc e  o f Z nC l 2  in  la r ger  qu a nt it ie s  ( 2 :1  r a t io )  
r esu l t s  in  fo r mat io n o f  po r e s  o f  la r g er  s iz e ,  w h ic h  a f fe c t s  t he  a dso r p t ive  
po wer .  
 
F igu re  4 . 4  ( c ) :  S EM  im age  o f  1 : 2  ( ZnC l 2 : p recu rs o r)  i mp reg nat e d  
sa mp le  a t  6 00
o
C  
T he  a bo ve  ima g e  is  t ha t  o f a c t iva t ed  ca r bo n p r ep ar ed  by u s ing  Z nC l 2  a s  
t he  imp r eg na t ing  a ge nt  a t  a  t e mper a t u r e  o f 6 00
o
C. I t  is  o bse r ved  t ha t  t he  
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t he r ma l  s t r es se s  c au sed  du e  t o  t he  h ig h t e mp er a t u r e s  r es u lt  in  t he  
fo r mat io n o f  c r a ck s  a nd  c r e v ic e s  w h ic h  u lt imat e ly le ad  t o  t he  fo r mat io n  
o f po r es .  T he  lo wer  t e mp er a t u r e  ( 60 0
o
C)  a s  co mp ar ed  t o  t he  p r e v io u s  
sa mp le s  a nd  t he  le s se r  qu a nt it y  o f Z nC l 2  u sed  r es u lt e d  in  t he  fo r mat io n  
o f le s se r  nu mber  o f po r es .  
O ver a l l it  i s  o bse r ved  t ha t  t he  KO H impr eg na t ed  sa mp le s  w h ic h a r e  
ca r bo n iz ed  a t  lo w er  t e mper a t u r es  d e ve lo p  s ma l le r  mic r o po r es  in  la r ge r  
qua nt it ie s .  H er e  KO H is  t he  mo r e  d o mina t ing  fa c t o r  as  co mp ar e d  t o  
t e mper a t u r es .  Wh i le  i n  ca se  o f Z nC l2 ,  t he  sa mp le s  d e ve lo p ed  la r g er  
s iz ed  po r e s  w h ic h  is  t he  r e su lt  o f  h ig h  t e mper a t u r es  ( t e mp er a t u r e s  
appr o ac h ing  7 00o C)   a t  w h ic h  mo r e  macr o mo le cu le s  br e akdo w n int o  
a r o mat ic  r ing  co mp o u nd s  t hus  le a v ing  la r ger  va ca nt  lo t s ,  le ad ing  t o  t he  
fo r mat io n o f la r ger  po r es .  
 
Figu re  4 . 5  :  SEM  im age  o f  30 % H 3 PO 4  ac t iva t ed  c a rbon  a t  7 00
o
C  
T he  a bo ve  ima ge  o f  H 3 PO 4  ac t iva t ed  ca r bo n a t  700
o
C s ho ws  po r es  o f  
la r ger  s iz e  as  du e  t o  t he  h ig h  t e mper a t u r es  t he  s ma l le r  po r es  co u ld  ha ve  
mer ged  in t o  la r g er  o ne s  a nd  t he  ma cr o mo lecu le s  wer e  fu r t he r  br o ke n  
do wn le ad ing  t o  t he  fo r mat io n  o f a r o mat ic  co mpo u nd  w hi c h  r e su lt ed  in  




4.1.3 FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR) 
FT I R  a na lys is  is  p e r fo r med  t o  f ind  t he  fu nc t io na l  g r o ups  o f  c a r bo n  
p r es e nt  in  t he  s a mp le s .  T he  fu nc t io na l  g r o ups  o f  t he  wa ve le ng t hs  a t  
w h ic h p r o mine nt  c r e s t s  a nd  t r o ughs  a r e  fo r med  wer e  fo u nd .  E a c h o f t he  
sa mp le s  ( H 3 PO 4 ,  KO H,  Z nC l 2  impr e gna t ed  s a mp le s)  w er e  co mpar ed  
w it h t he  r aw s a mp le .  
FT IR g raph s  o f  t he  s a mp le s  in  co mpa ri s on  wi t h  t he  ra w sa mp le  
 
Figure 4.6 (a): FTIR g raph  o f  H 3 P O 4  sa mp le  
 
 























































































































































































































































Figu re  4 . 6  ( c ) :  F T IR g raph  o f  Zn C l 2  sa mp le  
 
Table 4.3 : List of Functional groups present in each sample  from FTIR   Analysis 

















498 C-I 498 C-I 601 C-Cl 807 Alkene 
910 Alkene 910 Alkene 1116 C-O 1013 C-F 
1219 C-F ----- ----- 1528 Alkene 1734 Carbonyl 
1631 Alkene 1631 Alkene 1734 Carbonyl 2970 Alkane 
2867 Alkane ----- ----- ----- ----- ----- ----- 
3486 Alcohol ----- ----- ----- ----- ----- ----- 
 
L is t ed  a bo ve  in  t he  t ab le  a r e  t he  d i f fe r e nt  fu nc t io na l g r o ups  p r e s e nt  in  
t he  s a mp le s  a t  eac h o f t he  ma jo r  c r es t s  and  t r o ughs  in  t he  g r ap hs .  
















































































































































Raw Zinc Chloride 
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4.1.4 IODINE NUMBER AND CARBON YIELD. 
 
I o d ine  nu mber s  a nd  Car bo n Y ie ld s  o f s a mp le s  impr eg na t ed  w it h 
d if fe r e nt  ac t iva t ing  ag e nt s  a r e  a s  fo l lo ws .  
Tab le  4 . 4  : Iod in e  Nu mbe rs  and  Yie ld  o f  Act i vat ed  ca rb on  p rep a red  
us ing  H 3 PO 4  
 
Table 5 :Iodine numbers and carbon yield of H3PO4 impregnated samples 
 
 
F igu re  4 . 7  ( a )  :  Va ri a t ion  o f  I od ine  n umbe r  wi t h  H 3 PO 4  







Carbon Yield (%) 
10 860 45.3 
20 1005 56.4 
30 1235 82.3 

























Figu re  4 . 7  ( b )  :  Va ria t ion  o f  ca rbon  y i e ld  wi t h  H 3 PO 4  con cent rat ion  
     I t  i s  s ee n her e  t ha t  t he  I o d ine  nu mber  o f t he  sa mp le s  inc r ea se s  w it h t he  
inc r e as e  in  co nce nt r a t io n H 3 PO 4  u se d  a nd  be yo nd  30%  H 3 PO 4  
co nc e nt r a t io n t he r e  is  a  s t ead y de c l in e  in  t he  va lu e  o f I o d ine  nu mbe r  
s inc e  a l l  t he  po r e s  fo r me d  a r e  e it he r  f i l le d  up  o r  mer g e  t o  fo r m la r g er  
me so po r es  r es u lt ing  in  t he  de cr e as e  in  io d ine  nu mber  a s  it  i s  a n  
ind ic a t o r  o f mic r o po r es  o n ly .  S imi l a r ly fo r  Car bo n Y ie ld  t he r e  is  
s t ead y inc r ea se  in  t he  va lu e  a nd  be yo nd  30%  co nce nt r a t io n,  t he r e  is  a  
s t ead y de c l ine  i n  t he  y ie ld  a s  a l l  t he  vo la t i le  mat t e r  is  lo s t  a nd  t he  
ca r bo n macr o mo le cu le s  o ft e n r eac t  w it h t he  ac t iva t ing  age nt  as  a  r e su lt  
o f w h ic h C O 2  a nd  o t her  ca r bo n co mp o und s   fo r med  e sc ape  t h e r e b y 
r educ ing  t he  ca r bo n y ie ld .  
 Tab le  4 . 5  :  Iodine numbers and carbon yield of KOH impregnated samples 
Temperatures                                    Impregnation Ratios 
              1:1 
Iodine No       Yield(%) 
                 2:1 
Iodine No    Yield(%) 
                 1:2 
Iodine No.  Yield(%) 
250
o
C 418 80.25 622 79 541 81.5 
300
o




























C 483 77.6 691 76 604 78 
400
o
C 538 74.7 704 72 615 75 
450
o
C 552 71.5 745 70 (618) (73) 
500
o
C 607 64 (748) (61) (619) (65) 
 
 
F igu re  4 . 8  ( a )  :  Vari a t ion  o f  Iod in e  numbe r wi t h  t e mpe rat u re  fo r  
d i f fe rent  K OH sa mp les .  
 
Figu re  4 . 8  ( b ) :  Va ri a t ion  o f  Yie ld  wi t h  t e mpe rat u re  fo r  d i f fe ren t  


















 Iodine Number (KOH)  


















Carbon Yield (KOH) 
1:1 Sample 2:1 Sample 1:2 Sample 
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T he  d i f fe r e nt  KO H impr e g na t ed  sa mp les  ( 1 : 1 ,  2 :1 ,  1 :2 )  s ho w a n inc r ea s e  
in  I o d ine  Nu mbe r  va lu es  fr o m 2 50
o
C t o  500
o
C a t  w h ic h  t he y ge t  
s t a b i l iz ed  due  t o  t he  po r e s  ge t t ing  co mp le t e ly o c cup ied .  Be yo nd  t h is  
t he r e  is  a  de cr e as e  in  I o d ine  nu mber  va lue s  a s  t he  s ma l le r  mic r o po r es  
mer ge  t o  fo r m la r g e  me so po r es  r es u lt i ng  in  a  decr ea se  in  io d ine  nu mber  
w h ic h is  a n ind ic a t o r  o f mic r o po r es .  W it h d ecr e a se  in  mic r po r e s ,  io d ine  
nu mber  t hu s  a lso  d ecr ea se s .  S imi la r ly t he  c a r bo n  y ie ld  pe r c e nt age  
decr e a se s  w it h  a n inc r e a se  in  t e mp er a t u r e  fo r  a l l  t hr ee  sa mp le s  a s  t he  
vo la t i le  co mpo ne nt s  a r e  fu r t he r  lo s t  and  t he  macr o mo le cu le s  fu r t he r  r eac t  
w it h t he  ac t iva t ing  ag e nt  r esu lt i ng  in  t he  lo s s  o f ca r bo n in  f o r m o f CO 2  
a nd  o t her  co mpo u nd  w hic h ea s i ly  es ca pe  t he  su r fa ce  o f t he  mo le cu le .   
Table 4.6 : Iodine numbers and carbon yield of ZnCl2 impregnated samples 
Temperatures                                    Impregnation Ratios 
              1:1 
Iodine No     Yield(%) 
                 2:1 
Iodine No    Yield(%) 
                  1:2 
Iodine No.  Yield(%)   
400
o
C   ( 615 )   (77) (548) (71) 741   82 
450
o
C   ( 684)   (74) (631) (69) 892   79 
500
o
C    752    72 686   68 961   74 
550
o
C    824    66 755   64 1098   70 
600
o
C   1166    64 782   60.5 1105   69 
650
o










Figu re  4 . 9  ( a )  :  Var ia t ion  o f  Iod i ne  numb e r wi t h  t e mpe rat u re  fo r  
d i f fe rent  ZnC l 2  s a mp le s  
 
Figu re  4 . 9  ( b )  :  Var ia t ion  o f  Yie ld  wi t h  t empe rat u re  f o r d i f fe rent  
ZnC l 2  sa mp le s  
I o d ine  nu mber  s ho w s a n  inc r e as e  w it h  t e mper a t u r e  t i l l  t he  t e mper a t u r e  




C be yo nd  w hic h  i t  s t ab i l iz e s  o w ing  t o  t he  co mp le t e  
o ccupa t io n o f  t he  po r e s  t hus  p r e ve n t ing  fu r t he r  ad so r p t io n .  A lso  t he  
mer g ing  o f s ma l le r  po r es  t o  fo r m la r ge r  me so po r es  a t  h ig her  t e mper a t u r e s  




































dec l ine  in  va lu e  fo r  a l l  t hr ee  s a mp les  ( 1 :1 ,  2 :1 ,  1 :2 )  as  t he  vo l a t i le  
co mpo ne nt  co nt e nt  keep s  de cr ea s ing  w it h inc r e a se  in  t e mper a t u r e .  
Sa mp le s  w h ic h  e xh ib it ed  t he  h ig he s t  I o d ine  N u mber s  wer e  f u r t he r  
e xpo se d  t o  va r y ing  t ime  a nd  ac t iva t io n t e mper a t u r e  a nd  t he ir  y ie ld  a nd  
I o d ine  nu mbe r  w er e  e va lua t ed  a s  s ho wn in  t he  t a b le  be lo w.  S a mp le s  
w h ic h  e xh ib i t ed  t he  h ig he s t  I o d ine  n u mber  w it h  a  r e t e nt io n t ime  o f 3 0  
minu t es  wer e  t he n  ca r bo n iz ed  fo r  a  pe r io d  o f 6 0  minu t es .  T he  sa mp le s  
wer e  a lso  fu r t he r  ca r bo n iz ed  a t  t emp er a t u r e s  50
o
C h ig her  t ha n t he  
sa mp le s  w h ic h  s ho w ed  t he  h ig hes t  I o d ine  nu mbe r .  
Tab le  4 . 7  :  Effect of carbonization temperature and time on iodine number and yield   
 
H 3 PO 4  impr e g na t ed  a c t iva t ed  ca r bo n s ho wed  a  h ig hes t  io d ine  nu mber  o f  
1235  a nd  a  ca r bo n y ie ld  o f 8 2 . 3  %  a t  a  t e mper a t u r e  o f 70 0
o
C fo r  a  
du r a t io n o f 3 0  minu t e s .  T h is  s a mp le  was  fu r t he r  ca r bo n iz ed  a t  t he  sa me  
t e mper a t u r e  fo r  a  du r a t io n o f 60  minu t e s ,  w h ic h r es u lt e d  in  a  s l ig ht  
decr e a se  in  io d ine  nu mbe r  w h ic h is  a  r esu l t  o f inc r ea se  in  t he r ma l  s t r es s  
due  t o  lo ng er  e xpo sur e  t o  h ig h t e mper a t u r es  w h ic h  le ads  t o  en la r g ing  a nd  
mer g ing  o f t he  po r e s  a l r ea d y fo r med  t he r e by r e su lt i n g  in  a  de cr ea s e  in  
mic r o po r es  a nd  t he r e b y a  de cr e as e  in  io d ine  nu mber .  Also  t he r e  w a s  a  
decr e a se  in  y ie ld  o w ing  t o  t he  e s cap e  o f vo la t i le  mat t e r  w h ic h  r es u lt e d  in  
le s se r  y ie ld .  
Sample Temperature Time(in 
minutes) 
Iodine Number Yield(%) 
H3PO4 700
o
C 60 1221 77 
H3PO4 750
o
C 30 1193 72 
KOH 450
o
C 60 752 67 
ZnCl2 650
o
C 60 1172 62 
ZnCl2 700
o




T he  H 3 PO 4  s a mp le  wa s  a lso  ca r bo n ized  a t  750
o
C fo r  adur a t io n o f 30  
minu t es  t o  c heck  t he  t e mp er a t u r e  e f fe c t s  o n io d ine  nu mber  a nd  y ie ld .  T he  
r esu l t ing  io d ine  nu mber  a nd  yie ld  w er e  le s se r  a s  co mpar e d  t o  t he  s a mp le  
a t  700
o
C  a nd  a  d u r a t io n o f  30  minu t e s ,  beca us e  as  t e mper a t u r es  inc r ea se  
t he  fo r mat io n o f mic r o po r es  de cr e as e s  r e su lt i ng  in  a  de cr e as e  in  io d ine  
nu mber  a nd  t he  y ie ld  a lso  de cr ea se  d ue  t o  t he  lo s s  o f  vo la t i le  mat t e r  a t  
h ig her  t e mper a t u r e  o r  o n e xpo sur e  t o  hea t  fo r  a  lo nger  du r a t io n.  
S imi la r  is  t he  c as e  w it h KOH  impr eg na t ed  sa mp le  c a r bo n iz ed  s a mp le  a t  
450
o
C  fo r  a  du r a t io n  o f 60  minu t es  in s t ead  o f  30  minu t e s  a nd  t he  Z nC l 2  
impr eg n a t ed  s a mp le s  i n  t he  t a b le  a bo ve .  T he  KOH sa mp le  s ho w s a  
mar g ina l  inc r ea s e  in  io d ine  nu mber  w h ic h  is  o n ly e xpe c t ed  t o  fu r t he r  
s t a b i l iz e  a nd  d ecr ea se  a t  h ig her  t e mp er a t u r es .  
T he  a bo ve  t ab le  s ho w s t ha t  t he r e  ex is t s  o p t imu m t e mper a t u r e  a nd  
dur a t io n r equ ir ed  fo r  t he  a c t iva t ed  ca r bo n t o  sho w go o d  va lue s  o f io d ine  
nu mber  a nd  c a r bo n y ie ld .  Be yo nd  t hes e  co nd it io ns ,  o w ing  t o  t he  t he r ma l  
e f fe c t s  a nd  t he  p r es e nc e  o f ac t iva t ing  age nt  w h ic h  o ft e n r eac t  w it h  c a r bo n  
co mpo ne nt s  o f  t he  p r ecur so r ,  t he r e b y  r es u lt ing  in  a  decr ea se  o f ca r bo n 
y ie ld ,  t he r e  is  a lw a ys  a  de cr ea s e  in  io d ine  nu mber  a nd  c a r bo n y ie ld .  T hu s  
it  i s  impo r t ant  t o  ma int a in o p t imu m c o nd it io ns  fo r  t he  de s ir ed  q ua l it y o f  
ac t iva t ed  ca r bo n.  
4.1.5 OTHER CHARACTERISTICS 
Ot her  c har ac t e r is t ic s  p r o per t ie s  o f  t he  ac t iva t ed  c a r bo n  s a mp le s  
p r epar ed  f r o m t he  d i f fe r e nt  impr e gna t ing  a ge nt s  wer e  fo u nd  by  
per fo r ming  t he  s t a nd ar d  t es t s  fo r  ea c h o f t he  c har ac t e r is t ic s .  
 
Tab le  4 . 8  :  Characteristics properties of activated carbon obtained at optimum 
conditions 
Characteristic Properties JPAC with KOH JPAC with ZnCl2 JPAC with H3PO4 
pH 7.14 6.87 6.8 
Carbon Yield 70 % 58 % 82.3 
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Moisture Content 2.22 % 2.6 % 4.2 % 
Ash Content 14% 12 % 6.2 % 








Specific Gravity 1.25 1.08 0.72 
Porosity 0.76 0.82 0.81 
Iodine number 745 1173 1235 








H 3 PO 4  s a mp le  s ho wed  t he  h ig he s t  I od ine  nu mber  va lu e  a t  700
o
C  fo r  a  
t ime  per io d  o f  30  minu t es  ( 12 35 ,  y ie ld - 82 . 3  % ) . T he  s a mp le s  w er e  t he n  
su b je c t ed  t o  ca r bo n iz a t io n a t  700
o
C fo r  a  pe r io d  o f 6 0  minu t e s  w h ic h  
s ho wed  a n I o d ine  nu mber  o f  122 1  a nd  a  y ie ld  o f  77  % . Wher e a s  t he  
sa mp le  c a r bo n iz e d  a t  750
o
C fo r  a  t ime  per io d  o f 30  minu t es  s ho wed  a n  
io d ine  nu mber  o f 119 3  a nd  a  y ie ld  o f 72  % . T h is  s ho ws t ha t  a  t emper a t u r e  
o f 70 0o C a nd  a  r e t e nt io n t ime  o f 3 0  minu t e s  wer e  t he  id ea l  co nd it io ns  fo r  
p r epar a t io n o f  ac t iva t ed  ca r bo n a bo ve  w hic h  t he  io d ine  nu mbe r  a nd  
ca r bo n y ie ld  s ho w a  de c l ine .   
T he  h ig he s t  io d ine  nu mber  a nd  y ie ld  a mo ng  t he  KOH sa mp le s  w as  s ho w n 
by t he  2 :1  sa mp le  ca r bo n iz ed  a t  450
o
C  ( 745 - I o d ine  Nu mbe r ,  yie ld - 7 0  % ) ,  
w h ic h w as  t he n ca r bo n iz ed  a t  t he  sa me t e mper a t u r e  fo r  a  t ime  p er io d  o f 
60  minu t es .  T h is  s a mp le  s ho w ed  o n ly  a  mar g ina l  inc r ea se  in  t he  io d ine  
nu mber  va lue  ( 75 2)  bu t  a  decr ea se  in  t he  ca r bo n y ie ld  p e r c e nt age  ( 67  % ) ,  
w h ic h  s ho w s t ha t  t he  io d ine  nu mber  va lu e  w a s  s t a b i l iz ing  a nd  be yo nd  t h is  
a  decr ea se  in  io d ine  n u mbe r  va lu es  is  t o  be  e xp ec t ed .  
T he  sa mp le s  wer e  t ho r o ugh ly wa s hed  to  br ing  t he  pH t o  a r o und  t he  7  
mar k  w hi le  t he  mo is t u r e  co nt e nt  o f a l l  t he  t hr ee  s a mp le s  w as  fo u nd  t o  be  
we l l  be lo w t he  5  %  mar k .  
T he  h ig hes t  io d ine  nu mber  va lu e  a mo n g  t he  Z nC l 2  sa mp le s  wa s  s ho w n b y 
t he  1 :1  s a mp le  ca r bo n iz ed  a t  650
o
C  fo r  a  t ime  per io d  o f 30  minu t es  
( 1173 - io d ine  nu mber ,  5 8  % - y ie ld )  w h ic h wa s  fu r t he r  ca r bo n iz ed  a t  650
o
C  
fo r  6 0  minu t e s  a nd  70 0
o
C fo r  30  minu t e s ,  bo t h o f w h ic h r e su lt e d  in  
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a lmo st  s imi la r  io d ine  nu mber  va lue s  ( 1172  a nd  118 5  r e sp ec t ive ly)  a nd  
a lmo st  s imi la r  o r  s l ig h t ly lo w er  y ie ld s  i nd ic a t ing  s t ab i l iz a t io n  o f t he  
po r es ,  fu r t he r  inc r e as e  in  t e mp er a t u r e  a nd  t ime  is  o n ly e xp ec t ed  t o  
fu r t he r  de cr ea s e  t he  io d ine  nu mber  va lue  a nd  y ie ld .  
Ot her  c har ac t e r is t ic s ,  s uc h a s  pH,  p o ro s it y,  mo is t u r e  co nt e nt ,  a s h  a nd  
vo la t i le  mat t e r  co nt e nt ,  o f  t he  s a mp le s  w h ic h s ho we d  t he  h i g he s t  io d ine  
nu mber  va lu e  a nd  y ie ld  wer e  fo u nd  o u t  pe r fo r ming  t he  s t andar d  t es t s  fo r  
t he  r e spe c t ive  c har ac t e r is t ic s .  
T he  a s h co nt e nt  o f t he  H 3 P O 4  s a mp le  was  fo u nd  t o  be  qu it e  lo w a t  6 . 2  %  
w her e a s  t he  KO H a nd  Z nC l 2  sa mp le s  s ho we d  a  s l ig ht ly h ig her  as h  co nt ent  
o f 12  a nd  14  p e r ce nt a ge  r e spe c t ive ly.  
T he  vo la t i le  mat t e r  co nt ent  o f t he  KO H a nd  H 3 P O 4  sa mp le s  w er e  fo u nd  t o  
be  be lo w  20%  w hi le  t he  Z nC l 2  sa mp le  s ho wed  a  h ig h  vo la t i l e  mat t e r  
co nt e nt  o f a lmo st  28% .  
T he  sp ec i f ic  g r a v i t y o f t he  t hr ee  sa mp le s  i. e  H 3 PO 4 ,  KO H,  Z nC l 2  wa s  
fo u nd  t o  be  0 . 72 ,  1 . 25 ,  a nd  1 . 08  r e sp ec t ive ly w her e a s  t he  po r o s it y r a t io  
o f t he  sa mp le s  wa s  fo u nd  t o  be  o p t imu m a t  0 . 81 ,  0 . 76 ,  a nd  0 . 82  

















Po wder ed  Act iva t ed  ca r bo n wa s  p r e p ar ed  u s ing  ja c k fr u it  pe e l  a s  t he  
p r ecur so r .  I t  was  ac t iva t ed  a t  t e mp er a t u r es  ba sed  o n T G a na lys is .  
Pho sp ho r ic  Ac id ,  Po t ass iu m H yd r o x id e ,  and  Z inc  C h lo r id e  wer e  u se d  as  
t he  ac t iva t ing  age nt s  in  t he  p r epar a t io n  o f  J ack fr u it  P ee l  Ac t iva t ed  
Car bo n.  T he  p r e cur so r  ( J ac k fr u it  P ee l)  wa s  impr eg na t ed  w it h t he  
ac t iva t ing  a ge nt s  in  d i f fe r e nt  r a t io s  ( 1 :1 ,  2 :1 ,  1 :2 )  a nd  ( 10% ,  2 0% ,  
30% ,  40% )  fo r  H 3 PO 4  a nd  su b je c t ed  to  ac t iva t io n.  Aft e r  a c t iva t io n  
us ing  t he  a c t iva t ing  ag e nt s ,  t he  sa mp le s  wer e  s u b je c t ed  t o  
ca r bo n iz a t io n a nd  t he ir  c a r bo n y ie ld s  wer e  a lso  ca lc u la t ed  dur ing  t he  
ca r bo n iz a t io n p r o ce ss .  T he  s a mp le s  w er e  t he n su b je c t ed  t o  t he  I o d ine  
nu mber  t e s t  u s ing  t he  s t a ndar d  I o d ine  nu mber  t e s t .  T he   o t he r  
c har a c t e r is t ic s  o f t he  s a mp le s  w h ic h s ho we d  t he  h ig he s t  I o d ine  nu mber  
wer e  t he n c a lcu la t ed  t he ir  r e sp ec t ive  s t and ar d  t es t s .  
  T he   h ig he s t  I o d ine  Nu mber  va lu e  o f  1235  wa s  o bs er ved  fo r  H 3 P O 4  
impr eg na t ed  sa mp le  c a r bo n iz ed  a t  7 00
O
C  fo r   a  du r a t io n  o f 30  
minu t es .  
  T he  ma x imu m Car bo n Y ie ld  o f 8 2 . 3  %  wa s  o bs er ved  fo r  H 3 P O 4  
impr eg na t ed  sa mp le  c a r bo n iz ed  a t  700
O
C fo r  a  du r a t io n o f 3 0  
minu t es .  
  Amo ng  t he  d i f fe r e nt  KOH  impr e g na t ed  a nd  Z nC l 2  impr eg na t ed  
sa mp le s  p r ep ar ed ,  t he  Z nC l 2  sa mp le  p r epar ed  a t  a  t emp er a t u r e  o f  
650o C fo r  a  du r a t io n o f  30  minu t es  s ho wed  a n io d ine  nu mber  o f  
1173  a nd  a  ca r bo n y ie ld  o f 58  % .  
  Co mp ar ed  t o  c o mme r c ia l ly  p r ep ar ed  Act iva t ed  C ar bo n  w hic h  ha s  a n  
I o d ine  N u mber  o f 9 42 , t he  JP AC w as  mu c h h ig her - 12 35  in  c as e  o f  
H 3 PO 4  impr eg na t ed  s a mp le  a nd  1173  in  ca s e  o f Z nC l 2  impr eg na t ed  





6. FUTURE SCOPE OF WORK 
 
  Ja ck fr u it  pe e l  ac t iva t io n co u ld  be  pe r fo r med  u s ing  d i f fe r e nt  
r e t ent io n t ime s  a nd  t e mp er a t u r es  a nd  t he ir  p r o per t ie s  s t ud ie d ,  
t he r e fo r e  by fu r t he r  o p t imiz a t io n o f t he  p r o duc t ,  be t t e r  qua l it y  
ac t iva t ed  ca r bo n co u ld  be  p r epar ed .   
  T he  p r o per t ie s  o f t he  p r epar ed  a c t iva t ed  ca r bo n co u ld  be  
co mp ar ed  w it h t ho se  o f ac t iva t ed  c a r bo ns  p r epar ed  fr o m o t her  
so ur ce  mat e r ia ls ,  w h ic h  co u ld  he lp  in  c r ea t ing  a  be t t e r  p ro duc t .  
  Adso r p t io n s t ud ie s  o f spe c i f ic  po l lu t a nt s  c a n be  c a r r ied  o u t  us ing  
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